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ABSTRACT	 ﾠ
Crohn’s	 ﾠ Disease	 ﾠ is	 ﾠ a	 ﾠ chronic	 ﾠ inflammatory	 ﾠ disorder	 ﾠ of	 ﾠ the	 ﾠ bowel	 ﾠ affecting	 ﾠ
approximately	 ﾠ1	 ﾠin	 ﾠ800	 ﾠpeople	 ﾠin	 ﾠthe	 ﾠUK.	 ﾠThe	 ﾠterminal	 ﾠileum	 ﾠis	 ﾠmost	 ﾠcommonly	 ﾠ
affected	 ﾠ and	 ﾠ the	 ﾠ mesentery	 ﾠ becomes	 ﾠ thickened,	 ﾠ a	 ﾠ phenomenon	 ﾠ known	 ﾠ as	 ﾠ ‘fat	 ﾠ
wrapping’.	 ﾠThe	 ﾠcause	 ﾠis	 ﾠnot	 ﾠunderstood.	 ﾠ
Elemental	 ﾠfeeding	 ﾠcan	 ﾠinduce	 ﾠremission	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠpolyunsaturated	 ﾠ
fatty	 ﾠ acid	 ﾠ (PUFA)	 ﾠ content	 ﾠ may	 ﾠ be	 ﾠ the	 ﾠ cause	 ﾠ of	 ﾠ a	 ﾠ reduction	 ﾠ in	 ﾠ inflammation.	 ﾠ
Particular	 ﾠattention	 ﾠhas	 ﾠfocused	 ﾠon	 ﾠn-ﾭ‐3	 ﾠand	 ﾠn-ﾭ‐6	 ﾠPUFA	 ﾠcontent	 ﾠof	 ﾠelemental	 ﾠfeeds.	 ﾠ
The	 ﾠaim	 ﾠof	 ﾠthis	 ﾠstudy	 ﾠwas	 ﾠto	 ﾠfurther	 ﾠcharacterize	 ﾠmesenteric	 ﾠfat	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠ
and	 ﾠto	 ﾠexamine	 ﾠthe	 ﾠeffects	 ﾠof	 ﾠdifferent	 ﾠPUFA	 ﾠon	 ﾠmesenteric	 ﾠinflammation	 ﾠin	 ﾠvitro.	 ﾠ
Samples	 ﾠ of	 ﾠ adipose	 ﾠ tissue	 ﾠ were	 ﾠ collected	 ﾠ from	 ﾠ patients	 ﾠ undergoing	 ﾠ intestinal	 ﾠ
resection	 ﾠfor	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠfrom	 ﾠcontrols.	 ﾠThese	 ﾠwere	 ﾠcultured	 ﾠin	 ﾠmedia	 ﾠand	 ﾠ
elemental	 ﾠ(E028	 ﾠand	 ﾠEmsogen)	 ﾠfeeds	 ﾠcontaining	 ﾠdifferent	 ﾠconcentrations	 ﾠof	 ﾠn-ﾭ‐3	 ﾠ
and	 ﾠn-ﾭ‐6	 ﾠPUFA.	 ﾠ	 ﾠ
Significant	 ﾠfindings	 ﾠwere	 ﾠthat	 ﾠmesenteric	 ﾠ(MF)	 ﾠand	 ﾠomental	 ﾠ(OM)	 ﾠadipose	 ﾠtissue	 ﾠ
released	 ﾠmore	 ﾠinflammatory	 ﾠcytokines	 ﾠIL-ﾭ‐6,	 ﾠleptin	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠwhen	 ﾠcultured	 ﾠin	 ﾠ
media	 ﾠ rich	 ﾠ in	 ﾠ n-ﾭ‐6	 ﾠ PUFA	 ﾠ compared	 ﾠ to	 ﾠ media	 ﾠ rich	 ﾠ in	 ﾠ n-ﾭ‐3	 ﾠ PUFAs.	 ﾠ OM	 ﾠ mean	 ﾠ IL-ﾭ‐6	 ﾠ
concentrations	 ﾠwere	 ﾠ18.6(3.1-ﾭ‐21.8)ng/mL	 ﾠin	 ﾠn-ﾭ‐6	 ﾠPUFA	 ﾠvs	 ﾠ3.07(0.62-ﾭ‐19.10)ng/mL	 ﾠ
in	 ﾠn-ﾭ‐3	 ﾠPUFA	 ﾠ(p=0.018),	 ﾠMF	 ﾠIL-ﾭ‐6	 ﾠconcentrations	 ﾠwere	 ﾠ3.77(0.76-ﾭ‐9.52)ng/mL	 ﾠin	 ﾠn-ﾭ‐6	 ﾠ
PUFA	 ﾠ vs	 ﾠ 1.5(0.42-ﾭ‐2.61)ng/mL	 ﾠ in	 ﾠ n-ﾭ‐3	 ﾠ PUFA	 ﾠ (p=0.03).	 ﾠ OM	 ﾠ Leptin	 ﾠ concentrations	 ﾠ
were	 ﾠ 0.42(0.08-ﾭ‐0.90)ng/mL	 ﾠ in	 ﾠ n-ﾭ‐6	 ﾠ PUFA	 ﾠ vs	 ﾠ 0.08(0.07-ﾭ‐0.14)ng/mL	 ﾠ in	 ﾠ n-ﾭ‐3	 ﾠ PUFA	 ﾠ
(p=0.006),	 ﾠMF	 ﾠLeptin	 ﾠconcentrations	 ﾠwere	 ﾠ0.27(0.13-ﾭ‐2.62)ng/mL	 ﾠin	 ﾠn-ﾭ‐6	 ﾠPUFA	 ﾠvs	 ﾠ
0.12(0.07-ﾭ‐0.31)ng/mL	 ﾠ in	 ﾠ n-ﾭ‐3	 ﾠ PUFA	 ﾠ (p=0.033).	 ﾠ OM	 ﾠ MCP-ﾭ‐1	 ﾠ concentrations	 ﾠ were	 ﾠ
18.80(4.39-ﾭ‐31.5)ng/mL	 ﾠ in	 ﾠ n-ﾭ‐6	 ﾠ PUFA	 ﾠ vs	 ﾠ 1.83(0.69-ﾭ‐4.82)ng/mL	 ﾠ in	 ﾠ n-ﾭ‐3	 ﾠ PUFA	 ﾠ
(p=0.002)	 ﾠand	 ﾠMF	 ﾠMCP-ﾭ‐1	 ﾠconcentration	 ﾠwere	 ﾠ4.59(2.20-ﾭ‐13.72)ng/mL	 ﾠin	 ﾠn-ﾭ‐6	 ﾠPUFA	 ﾠ
vs	 ﾠ1.20(0.82-ﾭ‐3.39)ng/mL	 ﾠin	 ﾠn-ﾭ‐3	 ﾠPUFA	 ﾠ(p=0.006).	 ﾠ
These	 ﾠfindings	 ﾠshow	 ﾠthat	 ﾠn-ﾭ‐6	 ﾠPUFAs	 ﾠstimulate	 ﾠa	 ﾠgreater	 ﾠinflammatory	 ﾠresponse	 ﾠ
from	 ﾠomental	 ﾠand	 ﾠmesenteric	 ﾠfat	 ﾠin	 ﾠvitro	 ﾠand	 ﾠmay	 ﾠassist	 ﾠin	 ﾠformulating	 ﾠa	 ﾠmore	 ﾠ
effective	 ﾠelemental	 ﾠfeed	 ﾠfor	 ﾠinducing	 ﾠremission	 ﾠin	 ﾠpatients	 ﾠwith	 ﾠactive	 ﾠflares	 ﾠof	 ﾠ
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1.1  Crohn’s	 ﾠDisease	 ﾠ
Crohn’s	 ﾠdisease	 ﾠis	 ﾠa	 ﾠchronic	 ﾠinflammatory	 ﾠgranulomatous	 ﾠdisease	 ﾠthat	 ﾠcan	 ﾠaffect	 ﾠ
any	 ﾠpart	 ﾠof	 ﾠthe	 ﾠalimentary	 ﾠcanal,	 ﾠalthough	 ﾠmost	 ﾠcommonly	 ﾠthe	 ﾠterminal	 ﾠileum	 ﾠand	 ﾠ
colon	 ﾠ(Abraham	 ﾠand	 ﾠCho,	 ﾠ2009).	 ﾠIt	 ﾠtypically	 ﾠpresents	 ﾠwith	 ﾠabdominal	 ﾠpain,	 ﾠweight	 ﾠ
loss	 ﾠand	 ﾠbloody	 ﾠdiarrhoea.	 ﾠChildren	 ﾠoften	 ﾠpresent	 ﾠwith	 ﾠgrowth	 ﾠfailure	 ﾠas	 ﾠthe	 ﾠonset	 ﾠ
of	 ﾠ the	 ﾠ disease	 ﾠ is	 ﾠ often	 ﾠ more	 ﾠ insidious	 ﾠ in	 ﾠ the	 ﾠ young.	 ﾠ It	 ﾠ frequently	 ﾠ results	 ﾠ in	 ﾠ a	 ﾠ
significantly	 ﾠimpaired	 ﾠquality	 ﾠof	 ﾠlife	 ﾠand	 ﾠa	 ﾠregular	 ﾠrequirement	 ﾠfor	 ﾠmedication	 ﾠand	 ﾠ
surgery	 ﾠalong	 ﾠwith	 ﾠan	 ﾠincreased	 ﾠrisk	 ﾠof	 ﾠcomplications	 ﾠsuch	 ﾠas	 ﾠcolorectal	 ﾠcancer.	 ﾠ	 ﾠ
Crohn’s	 ﾠ disease	 ﾠ has	 ﾠ a	 ﾠ patchy	 ﾠ distribution	 ﾠ and	 ﾠ a	 ﾠ characteristic	 ﾠ histological	 ﾠ
phenotype	 ﾠthat	 ﾠseparates	 ﾠit	 ﾠfrom	 ﾠthe	 ﾠother	 ﾠinflammatory	 ﾠbowel	 ﾠdisease,	 ﾠulcerative	 ﾠ
colitis.	 ﾠHowever	 ﾠthere	 ﾠis	 ﾠconsiderable	 ﾠcross	 ﾠover	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠdiseases.	 ﾠThe	 ﾠ
condition	 ﾠ‘regional	 ﾠileitis’	 ﾠwas	 ﾠfirst	 ﾠrecognised	 ﾠas	 ﾠa	 ﾠclinical	 ﾠentity	 ﾠby	 ﾠthe	 ﾠAmerican	 ﾠ
Burrill	 ﾠB	 ﾠCrohn	 ﾠin	 ﾠ1932	 ﾠ(Crohn	 ﾠet	 ﾠal.,	 ﾠ2000)	 ﾠwhom	 ﾠgave	 ﾠit	 ﾠhis	 ﾠname.	 ﾠBut	 ﾠ‘chronic	 ﾠ
interstitial	 ﾠ enteritis’	 ﾠ had	 ﾠ previously	 ﾠ been	 ﾠ described	 ﾠ by	 ﾠ a	 ﾠ Scotsman	 ﾠ T	 ﾠ Kennedy	 ﾠ
Dalziel	 ﾠ(Dalziel,	 ﾠ1989)	 ﾠin	 ﾠ1913	 ﾠand	 ﾠthe	 ﾠPolish	 ﾠA	 ﾠLésniowski	 ﾠin	 ﾠ1903	 ﾠ(Lichtarowicz	 ﾠ
and	 ﾠ Mayberry,	 ﾠ 1988).	 ﾠ Over	 ﾠ 80	 ﾠ years	 ﾠ significant	 ﾠ progress	 ﾠ has	 ﾠ been	 ﾠ made	 ﾠ in	 ﾠ
demystifying	 ﾠ aspects	 ﾠ of	 ﾠ its	 ﾠ molecular	 ﾠ pathogenesis	 ﾠ and	 ﾠ advances	 ﾠ in	 ﾠ treatment,	 ﾠ
however	 ﾠ the	 ﾠ aetiological	 ﾠ origins	 ﾠ of	 ﾠ Crohn’s	 ﾠ disease	 ﾠ remain	 ﾠ obscure.	 ﾠ Crohn’s	 ﾠ
disease	 ﾠ is	 ﾠ considered	 ﾠ to	 ﾠ result	 ﾠ from	 ﾠ the	 ﾠ complex	 ﾠ interactions	 ﾠ between	 ﾠ genetic,	 ﾠ
immune-ﾭ‐related,	 ﾠenvironmental	 ﾠand	 ﾠpossible	 ﾠinfectious	 ﾠtriggers	 ﾠthat	 ﾠintegrate	 ﾠto	 ﾠ
cause	 ﾠ a	 ﾠ T-ﾭ‐cell	 ﾠ mediated	 ﾠ chronic	 ﾠ inflammatory	 ﾠ response	 ﾠ of	 ﾠ the	 ﾠ intestine.	 ﾠ This	 ﾠ
increasingly	 ﾠsophisticated	 ﾠmodel	 ﾠfails	 ﾠto	 ﾠexplain	 ﾠthe	 ﾠproximal	 ﾠevents	 ﾠthat	 ﾠset	 ﾠthe	 ﾠ
process	 ﾠ in	 ﾠ motion.	 ﾠ There	 ﾠ are	 ﾠ inexplicable	 ﾠ curiosities	 ﾠ in	 ﾠ all	 ﾠ aspects	 ﾠ of	 ﾠ Crohn’s	 ﾠ
disease	 ﾠand	 ﾠit	 ﾠremains	 ﾠto	 ﾠthis	 ﾠday	 ﾠa	 ﾠmodern	 ﾠmedical	 ﾠenigma.	 ﾠ
1.2  Epidemiology	 ﾠof	 ﾠCrohn’s	 ﾠDisease	 ﾠ
1.2.1  Incidence	 ﾠand	 ﾠPrevalence	 ﾠ
Crohn’s	 ﾠ disease	 ﾠ is	 ﾠ predominantly	 ﾠ a	 ﾠ disease	 ﾠ of	 ﾠ the	 ﾠ developed	 ﾠ world	 ﾠ where	 ﾠ the	 ﾠ
incidence	 ﾠ is	 ﾠ substantially	 ﾠ higher	 ﾠ than	 ﾠ in	 ﾠ less	 ﾠ industrialised	 ﾠ nations.	 ﾠ It	 ﾠ is	 ﾠ also	 ﾠ a	 ﾠ
disease	 ﾠ that	 ﾠ most	 ﾠ commonly	 ﾠ occurs	 ﾠ in	 ﾠ the	 ﾠ early	 ﾠ years	 ﾠ but	 ﾠ persists	 ﾠ with	 ﾠ
considerable	 ﾠmorbidity	 ﾠthroughout	 ﾠlife.	 ﾠThe	 ﾠglobal	 ﾠincidence	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠis	 ﾠ
currently	 ﾠreported	 ﾠas	 ﾠ6-ﾭ‐15/100,000	 ﾠand	 ﾠthe	 ﾠprevalence	 ﾠ50-ﾭ‐200/100,000	 ﾠ(Cosnes	 ﾠ
et	 ﾠal.,	 ﾠ2011)	 ﾠ	 ﾠ 18	 ﾠ
But	 ﾠ the	 ﾠ epidemiology	 ﾠ and	 ﾠ geographical	 ﾠ distribution	 ﾠ are	 ﾠ varied	 ﾠ with	 ﾠ a	 ﾠ higher	 ﾠ
incidence	 ﾠreported	 ﾠin	 ﾠEurope,	 ﾠUK	 ﾠ(Mayberry	 ﾠet	 ﾠal.,	 ﾠ1979)	 ﾠ(Mayberry	 ﾠand	 ﾠRhodes,	 ﾠ
1984),	 ﾠand	 ﾠNorth	 ﾠAmerica	 ﾠ(Vind	 ﾠet	 ﾠal.,	 ﾠ2006,	 ﾠYapp	 ﾠet	 ﾠal.,	 ﾠ2000,	 ﾠRubin	 ﾠet	 ﾠal.,	 ﾠ2000,	 ﾠ
Loftus	 ﾠ et	 ﾠ al.,	 ﾠ 2007,	 ﾠ Bernstein	 ﾠ et	 ﾠ al.,	 ﾠ 2006)	 ﾠ perhaps	 ﾠ suggesting	 ﾠ a	 ﾠ common	 ﾠ
aetiological	 ﾠfactor.	 ﾠIn	 ﾠmore	 ﾠrecent	 ﾠtimes	 ﾠthe	 ﾠdisease	 ﾠhas	 ﾠalso	 ﾠemerged	 ﾠin	 ﾠChina,	 ﾠ
Thailand,	 ﾠIndia	 ﾠand	 ﾠNorth	 ﾠAfrica	 ﾠ(Thia	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠThe	 ﾠhighest	 ﾠreported	 ﾠincidence	 ﾠ
is	 ﾠin	 ﾠthe	 ﾠCanterbury	 ﾠdistrict	 ﾠof	 ﾠNew	 ﾠZealand	 ﾠat	 ﾠ16.5/100000	 ﾠ(Gearry	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠ
There	 ﾠare	 ﾠalso	 ﾠareas	 ﾠof	 ﾠpreviously	 ﾠlow	 ﾠincidence	 ﾠof	 ﾠCrohn’s	 ﾠDisease	 ﾠsuch	 ﾠas	 ﾠJapan	 ﾠ
that	 ﾠare	 ﾠnow	 ﾠreporting	 ﾠan	 ﾠincrease	 ﾠ(Thia	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠIntriguingly	 ﾠthere	 ﾠare	 ﾠalso	 ﾠ
countries	 ﾠ reporting	 ﾠ an	 ﾠ increase	 ﾠ among	 ﾠ parts	 ﾠ of	 ﾠ its	 ﾠ population	 ﾠ but	 ﾠ not	 ﾠ others.	 ﾠ
Hungary	 ﾠhas	 ﾠa	 ﾠmuch	 ﾠhigher	 ﾠand	 ﾠrising	 ﾠincidence	 ﾠamong	 ﾠthe	 ﾠgeneral	 ﾠpopulation	 ﾠ
than	 ﾠthe	 ﾠRomany	 ﾠgypsies	 ﾠ(Karlinger	 ﾠet	 ﾠal.,	 ﾠ2000)	 ﾠand	 ﾠthe	 ﾠMaori	 ﾠpopulation	 ﾠof	 ﾠNew	 ﾠ
Zealand	 ﾠhave	 ﾠa	 ﾠlower	 ﾠincidence	 ﾠthan	 ﾠCaucasians	 ﾠ(Economou	 ﾠand	 ﾠPappas,	 ﾠ2008).	 ﾠ
Whether	 ﾠ these	 ﾠ differences	 ﾠ are	 ﾠ genetic	 ﾠ or	 ﾠ down	 ﾠ to	 ﾠ altered	 ﾠ exposure	 ﾠ to	 ﾠ a	 ﾠ
responsible	 ﾠaetiological	 ﾠagent	 ﾠremain	 ﾠto	 ﾠbe	 ﾠelucidated.	 ﾠ
1.2.2  Age,	 ﾠGender,	 ﾠRace	 ﾠand	 ﾠGeographical	 ﾠdistribution	 ﾠ
Crohn’s	 ﾠ disease	 ﾠ is	 ﾠ most	 ﾠ commonly	 ﾠ diagnosed	 ﾠ in	 ﾠ late	 ﾠ adolescence	 ﾠ and	 ﾠ early	 ﾠ
adulthood	 ﾠ which	 ﾠ suggests	 ﾠ a	 ﾠ hormonal	 ﾠ influence,	 ﾠ but	 ﾠ it	 ﾠ may	 ﾠ occur	 ﾠ at	 ﾠ any	 ﾠ age	 ﾠ
(Loftus,	 ﾠ 2004).	 ﾠ There	 ﾠ is	 ﾠ also	 ﾠ a	 ﾠ 20-ﾭ‐30%	 ﾠ higher	 ﾠ female	 ﾠ preponderance	 ﾠ in	 ﾠ high	 ﾠ
incidence	 ﾠ populations	 ﾠ (Molinie	 ﾠ et	 ﾠ al.,	 ﾠ 2004,	 ﾠ Gearry	 ﾠ et	 ﾠ al.,	 ﾠ 2006)	 ﾠ but	 ﾠ this	 ﾠ is	 ﾠ not	 ﾠ
replicable	 ﾠglobally	 ﾠor	 ﾠin	 ﾠareas	 ﾠwith	 ﾠa	 ﾠlower	 ﾠprevalence	 ﾠ(Devlin	 ﾠet	 ﾠal.,	 ﾠ1980).	 ﾠCrohn’s	 ﾠ
disease	 ﾠwas	 ﾠinitially	 ﾠthought	 ﾠto	 ﾠhave	 ﾠa	 ﾠlower	 ﾠincidence	 ﾠin	 ﾠnon-ﾭ‐white	 ﾠpopulations	 ﾠ
however	 ﾠ a	 ﾠ systematic	 ﾠ review	 ﾠ showed	 ﾠ similar	 ﾠ figures	 ﾠ in	 ﾠ Hispanics,	 ﾠ Asians	 ﾠ and	 ﾠ
African	 ﾠAmericans	 ﾠ(Hou	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠA	 ﾠUK	 ﾠstudy	 ﾠshowed	 ﾠincreased	 ﾠincidences	 ﾠof	 ﾠ
inflammatory	 ﾠ bowel	 ﾠ disease	 ﾠ in	 ﾠ migrant	 ﾠ populations	 ﾠ greater	 ﾠ than	 ﾠ the	 ﾠ local	 ﾠ
population	 ﾠ(17/100,00	 ﾠvs	 ﾠ7/100,000)(Probert	 ﾠet	 ﾠal.,	 ﾠ1992)	 ﾠand	 ﾠinterestingly,	 ﾠage	 ﾠ
at	 ﾠthe	 ﾠtime	 ﾠof	 ﾠmigration	 ﾠaffects	 ﾠinflammatory	 ﾠbowel	 ﾠdisease	 ﾠrisk.	 ﾠMigrant	 ﾠchildren	 ﾠ
in	 ﾠBritish	 ﾠColumbia	 ﾠunder	 ﾠthe	 ﾠage	 ﾠof	 ﾠ15	 ﾠyears	 ﾠhad	 ﾠthe	 ﾠhighest	 ﾠrisk.	 ﾠAmong	 ﾠsome	 ﾠ
religious	 ﾠ populations	 ﾠ such	 ﾠ as	 ﾠ Jews	 ﾠ and	 ﾠ Mormons,	 ﾠ an	 ﾠ increased	 ﾠ incidence	 ﾠ of	 ﾠ
Crohn’s	 ﾠ disease	 ﾠ has	 ﾠ been	 ﾠ shown	 ﾠ (Penny	 ﾠ et	 ﾠ al.,	 ﾠ 1985).	 ﾠ But	 ﾠ this	 ﾠ also	 ﾠ varies	 ﾠ
geographically	 ﾠ suggesting	 ﾠ a	 ﾠ combination	 ﾠ of	 ﾠ environmental	 ﾠ and	 ﾠ genetic	 ﾠ factors	 ﾠ
(Shapira	 ﾠand	 ﾠTamir,	 ﾠ1992).	 ﾠA	 ﾠnorth	 ﾠsouth	 ﾠgeographical	 ﾠgradient	 ﾠwas	 ﾠalso	 ﾠreported	 ﾠ
with	 ﾠhigher	 ﾠincidences	 ﾠin	 ﾠnorthern	 ﾠEurope	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠsouth	 ﾠ(Shivananda	 ﾠet	 ﾠ
al.,	 ﾠ1996),	 ﾠhowever	 ﾠthis	 ﾠgradient	 ﾠhas	 ﾠbecome	 ﾠblurred	 ﾠwith	 ﾠthe	 ﾠrising	 ﾠincidence	 ﾠof	 ﾠ	 ﾠ 19	 ﾠ
Crohn’s.	 ﾠIt	 ﾠmay	 ﾠbe	 ﾠthat	 ﾠmore	 ﾠspecific	 ﾠlocal	 ﾠenvironmental	 ﾠfactors	 ﾠare	 ﾠrelevant	 ﾠas	 ﾠ
shown	 ﾠin	 ﾠa	 ﾠFrench	 ﾠstudy.	 ﾠA	 ﾠrelative	 ﾠrisk	 ﾠof	 ﾠ>1.5	 ﾠwas	 ﾠfound	 ﾠin	 ﾠ96	 ﾠof	 ﾠ273	 ﾠcantons	 ﾠ
(small	 ﾠ administrative	 ﾠ regions)	 ﾠ in	 ﾠ northern	 ﾠ France	 ﾠ and	 ﾠ so	 ﾠ there	 ﾠ are	 ﾠ no	 ﾠ clear	 ﾠ
explanations	 ﾠfor	 ﾠregional	 ﾠvariations	 ﾠin	 ﾠIBD	 ﾠrisk	 ﾠ(Declercq	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠOccasional	 ﾠ
‘clusters’	 ﾠof	 ﾠdisease	 ﾠhave	 ﾠalso	 ﾠbeen	 ﾠreported	 ﾠwith	 ﾠmultiple	 ﾠdiagnoses	 ﾠin	 ﾠone	 ﾠhamlet	 ﾠ
(Allan	 ﾠ et	 ﾠ al.,	 ﾠ 1986)	 ﾠ or	 ﾠ even	 ﾠ within	 ﾠ common	 ﾠ residences	 ﾠ (Van	 ﾠ Kruiningen	 ﾠ et	 ﾠ al.,	 ﾠ
2007).	 ﾠ
1.3  Environmental	 ﾠ and	 ﾠ genetic	 ﾠ risk	 ﾠ factors	 ﾠ and	 ﾠ theories	 ﾠ of	 ﾠ
pathogenesis	 ﾠ
Crohn’s	 ﾠdisease	 ﾠis	 ﾠdescribed	 ﾠas	 ﾠa	 ﾠcomplex	 ﾠinterplay	 ﾠbetween	 ﾠenvironmental	 ﾠand	 ﾠ
genetic	 ﾠfactors.	 ﾠ	 ﾠ
1.3.1  Genetic	 ﾠFactors	 ﾠ
The	 ﾠfamilial	 ﾠnature	 ﾠof	 ﾠinflammatory	 ﾠbowel	 ﾠdiseases	 ﾠand	 ﾠparticularly	 ﾠthe	 ﾠevidence	 ﾠ
of	 ﾠaggregation	 ﾠin	 ﾠtwins	 ﾠstudies	 ﾠare	 ﾠsuggestive	 ﾠof	 ﾠa	 ﾠgenetic	 ﾠcomponent.	 ﾠ	 ﾠFamilial	 ﾠ
aggregation	 ﾠwas	 ﾠfirst	 ﾠreported	 ﾠin	 ﾠthe	 ﾠ1930s	 ﾠand	 ﾠa	 ﾠfamily	 ﾠhistory	 ﾠof	 ﾠinflammatory	 ﾠ
bowel	 ﾠ disease	 ﾠ is	 ﾠ still	 ﾠ the	 ﾠ strongest	 ﾠ risk	 ﾠ factor	 ﾠ for	 ﾠ developing	 ﾠ it	 ﾠ (Russell	 ﾠ and	 ﾠ
Satsangi,	 ﾠ2004).	 ﾠPatients	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠhave	 ﾠa	 ﾠfirst	 ﾠdegree	 ﾠrelative	 ﾠwith	 ﾠ
Crohn’s	 ﾠ disease	 ﾠ in	 ﾠ 2.2-ﾭ‐16.2%	 ﾠ of	 ﾠ cases.	 ﾠ In	 ﾠ the	 ﾠ Jewish	 ﾠ population	 ﾠ the	 ﾠ estimated	 ﾠ
lifetime	 ﾠrisk	 ﾠof	 ﾠdeveloping	 ﾠinflammatory	 ﾠbowel	 ﾠdisease	 ﾠas	 ﾠa	 ﾠfirst	 ﾠdegree	 ﾠrelative	 ﾠof	 ﾠ
a	 ﾠpatient	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠis	 ﾠ7.8%	 ﾠcompared	 ﾠto	 ﾠ4.8-ﾭ‐5.2%	 ﾠin	 ﾠnon-ﾭ‐Jews.	 ﾠ(Russell	 ﾠ
and	 ﾠSatsangi,	 ﾠ2004)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
The	 ﾠ strongest	 ﾠ evidence	 ﾠ for	 ﾠ genetic	 ﾠ factors	 ﾠ contributing	 ﾠ to	 ﾠ susceptibility	 ﾠ in	 ﾠ
inflammatory	 ﾠbowel	 ﾠdisease	 ﾠcomes	 ﾠfrom	 ﾠtwin	 ﾠconcordance	 ﾠstudies	 ﾠ(Tysk	 ﾠet	 ﾠal.,	 ﾠ
1988,	 ﾠ Thompson	 ﾠ et	 ﾠ al.,	 ﾠ 1996,	 ﾠ Orholm	 ﾠ et	 ﾠ al.,	 ﾠ 2000).	 ﾠ They	 ﾠ show	 ﾠ a	 ﾠ pooled	 ﾠ
concordance	 ﾠof	 ﾠ37.3%	 ﾠconcordance	 ﾠof	 ﾠfor	 ﾠCrohn’s	 ﾠdisease	 ﾠin	 ﾠmonozygotic	 ﾠtwins	 ﾠ
compared	 ﾠto	 ﾠ7%	 ﾠin	 ﾠdizygotic	 ﾠtwins.	 ﾠ(Baumgart	 ﾠand	 ﾠCarding,	 ﾠ2007).	 ﾠ
Genome	 ﾠwide	 ﾠassociation	 ﾠstudies	 ﾠ(Barrett	 ﾠet	 ﾠal.,	 ﾠ2008)	 ﾠhave	 ﾠdiscovered	 ﾠover	 ﾠ40	 ﾠ
loci	 ﾠfor	 ﾠgenes	 ﾠassociated	 ﾠwith	 ﾠincreased	 ﾠsusceptibility.	 ﾠThe	 ﾠstrongest	 ﾠassociations	 ﾠ
are	 ﾠ between	 ﾠ CARD15	 ﾠ (caspase	 ﾠ recruitment	 ﾠ domain	 ﾠ family	 ﾠ member	 ﾠ 15)	 ﾠ which	 ﾠ
encodes	 ﾠ the	 ﾠ NOD2	 ﾠ (nucleotide-ﾭ‐binding	 ﾠ oligomerization	 ﾠ domain	 ﾠ 2)	 ﾠ pathogen	 ﾠ
recognition	 ﾠ protein	 ﾠ and	 ﾠ other	 ﾠ loci	 ﾠ such	 ﾠ as	 ﾠ the	 ﾠ IBD5	 ﾠ locus,	 ﾠ the	 ﾠ interleukin-ﾭ‐23	 ﾠ
receptor	 ﾠand	 ﾠthe	 ﾠautophagy	 ﾠgene	 ﾠATG16L1	 ﾠ(autophagy	 ﾠ16-ﾭ‐like	 ﾠ1)(Jess	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ
These	 ﾠlink	 ﾠdysregulation	 ﾠof	 ﾠthe	 ﾠhost	 ﾠgastrointestinal	 ﾠimmune	 ﾠsystem	 ﾠand	 ﾠthe	 ﾠhost	 ﾠ	 ﾠ 20	 ﾠ
microbiome	 ﾠ(Molodecky	 ﾠand	 ﾠKaplan,	 ﾠ2010)	 ﾠ(Halfvarson	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠHowever	 ﾠthe	 ﾠ
lack	 ﾠof	 ﾠcomplete	 ﾠpenetrance	 ﾠcannot	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠdisease	 ﾠaetiology	 ﾠbecause	 ﾠthe	 ﾠ
risk	 ﾠwith	 ﾠeven	 ﾠthe	 ﾠmost	 ﾠcommon	 ﾠalleles	 ﾠis	 ﾠvery	 ﾠlow	 ﾠand	 ﾠfurthermore	 ﾠgenetics	 ﾠalone	 ﾠ
cannot	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠrising	 ﾠincidence	 ﾠof	 ﾠthe	 ﾠdisease	 ﾠ(Binder,	 ﾠ2004).	 ﾠThis	 ﾠlack	 ﾠof	 ﾠ
penetrance	 ﾠ and	 ﾠ rising	 ﾠ incidence	 ﾠ must	 ﾠ be	 ﾠ accounted	 ﾠ for	 ﾠ by	 ﾠ additional	 ﾠ
environmental	 ﾠ factors	 ﾠ that	 ﾠ enable	 ﾠ progression	 ﾠ from	 ﾠ genotype	 ﾠ to	 ﾠ phenotype.	 ﾠ
Further	 ﾠweight	 ﾠto	 ﾠthe	 ﾠenvironmental	 ﾠinfluence	 ﾠon	 ﾠCrohn’s	 ﾠdisease	 ﾠcan	 ﾠbe	 ﾠdrawn	 ﾠ
from	 ﾠa	 ﾠstudy	 ﾠby	 ﾠJoosens	 ﾠ(Joossens	 ﾠet	 ﾠal.,	 ﾠ2007)	 ﾠwhere	 ﾠan	 ﾠimmigrant	 ﾠfather	 ﾠand	 ﾠfour	 ﾠ
of	 ﾠhis	 ﾠeight	 ﾠchildren	 ﾠdeveloped	 ﾠCrohn’s	 ﾠdisease.	 ﾠAll	 ﾠknown	 ﾠgenetic	 ﾠvariants	 ﾠwere	 ﾠ
analysed	 ﾠ but	 ﾠ there	 ﾠ was	 ﾠ no	 ﾠ association	 ﾠ between	 ﾠ known	 ﾠ genetic	 ﾠ susceptibility	 ﾠ
factors	 ﾠ and	 ﾠ disease	 ﾠ incidence	 ﾠ within	 ﾠ the	 ﾠ family.	 ﾠ Indeed	 ﾠ there	 ﾠ must	 ﾠ be	 ﾠ ‘missing	 ﾠ
heritability’	 ﾠbecause	 ﾠall	 ﾠof	 ﾠthe	 ﾠgenes	 ﾠso	 ﾠfar	 ﾠassociated	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠaccount	 ﾠ
for	 ﾠ less	 ﾠ than	 ﾠ 20%	 ﾠ of	 ﾠ the	 ﾠ total	 ﾠ heritable	 ﾠ risk	 ﾠ of	 ﾠ developing	 ﾠ the	 ﾠ disease	 ﾠ (Maher,	 ﾠ
2008).	 ﾠ
	 ﾠ
1.3.2  Environmental	 ﾠFactors	 ﾠ
Several	 ﾠtheories	 ﾠof	 ﾠenvironmental	 ﾠcauses	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠhave	 ﾠbeen	 ﾠpostulated	 ﾠ
since	 ﾠthe	 ﾠfirst	 ﾠdescription	 ﾠof	 ﾠthe	 ﾠdisease	 ﾠbut	 ﾠthese	 ﾠhave	 ﾠultimately	 ﾠnot	 ﾠyet	 ﾠproved	 ﾠ
conclusive.	 ﾠThese	 ﾠcan	 ﾠbroadly	 ﾠbe	 ﾠbroken	 ﾠdown	 ﾠinto	 ﾠfactors	 ﾠthat	 ﾠmodulate	 ﾠeither	 ﾠ
the	 ﾠphysical	 ﾠintestinal	 ﾠcontent	 ﾠto	 ﾠproduce	 ﾠan	 ﾠaetiological	 ﾠagent,	 ﾠthe	 ﾠmicrobiological	 ﾠ
content	 ﾠ of	 ﾠ the	 ﾠ intestine	 ﾠ to	 ﾠ produce	 ﾠ an	 ﾠ agent	 ﾠ or	 ﾠ the	 ﾠ immune	 ﾠ response	 ﾠ to	 ﾠ the	 ﾠ
unknown	 ﾠagent	 ﾠor	 ﾠa	 ﾠpossible	 ﾠcombination.	 ﾠ	 ﾠ
1.3.3  Infections	 ﾠ
The	 ﾠ resemblance	 ﾠ of	 ﾠ the	 ﾠ granulomatous	 ﾠ ileitis	 ﾠ seen	 ﾠ in	 ﾠ Crohn’s	 ﾠ disease	 ﾠ with	 ﾠ
paramyxovirus-ﾭ‐mediated	 ﾠvasculitis	 ﾠor	 ﾠJohne’s	 ﾠdisease	 ﾠcaused	 ﾠby	 ﾠMycobacterium	 ﾠ
avium	 ﾠ subspecies	 ﾠ paratuberculosis	 ﾠ (MAP)	 ﾠ in	 ﾠ cattle	 ﾠ and	 ﾠ deer	 ﾠ gave	 ﾠ rise	 ﾠ to	 ﾠ
speculation	 ﾠthat	 ﾠCrohn’s	 ﾠdisease	 ﾠmay	 ﾠbe	 ﾠcaused	 ﾠby	 ﾠan	 ﾠinfection	 ﾠ(Baumgart	 ﾠand	 ﾠ
Carding,	 ﾠ 2007).	 ﾠ Crohn’s	 ﾠ disease	 ﾠ was	 ﾠ linked	 ﾠ to	 ﾠ a	 ﾠ measles	 ﾠ outbreak	 ﾠ in	 ﾠ Sweden	 ﾠ
(Ekbom	 ﾠ et	 ﾠ al.,	 ﾠ 1994)	 ﾠ but	 ﾠ the	 ﾠ findings	 ﾠ were	 ﾠ not	 ﾠ supported	 ﾠ by	 ﾠ other	 ﾠ studies	 ﾠ
(Robertson	 ﾠand	 ﾠSandler,	 ﾠ2001,	 ﾠHermon-ﾭ‐Taylor	 ﾠet	 ﾠal.,	 ﾠ1995,	 ﾠter	 ﾠMeulen,	 ﾠ1998).	 ﾠMAP	 ﾠ
has	 ﾠbeen	 ﾠfound	 ﾠto	 ﾠa	 ﾠvarying	 ﾠdegree	 ﾠwithin	 ﾠthe	 ﾠtissues	 ﾠof	 ﾠpatients	 ﾠwith	 ﾠCrohn’s	 ﾠ
disease	 ﾠ(Pierce,	 ﾠ2009)	 ﾠbut	 ﾠalso	 ﾠin	 ﾠcontrols	 ﾠsuggesting	 ﾠa	 ﾠlack	 ﾠof	 ﾠcausation	 ﾠ(Sartor,	 ﾠ
2005).	 ﾠ A	 ﾠ randomised	 ﾠ controlled	 ﾠ trial	 ﾠ treating	 ﾠ Crohn’s	 ﾠ disease	 ﾠ with	 ﾠ anti-ﾭ‐	 ﾠ 21	 ﾠ
mycobacterial	 ﾠ drugs	 ﾠ did	 ﾠ not	 ﾠ show	 ﾠ any	 ﾠ significant	 ﾠ benefit	 ﾠ (Selby	 ﾠ et	 ﾠ al.,	 ﾠ 2007).	 ﾠ
Similarly	 ﾠherpes	 ﾠvirus	 ﾠ(Sura	 ﾠet	 ﾠal.,	 ﾠ2010,	 ﾠWakefield	 ﾠet	 ﾠal.,	 ﾠ1992)	 ﾠand	 ﾠmycoplasma	 ﾠ
(Roediger,	 ﾠ2004)	 ﾠhave	 ﾠbeen	 ﾠexamined	 ﾠbut	 ﾠnot	 ﾠfound	 ﾠto	 ﾠbe	 ﾠconvincingly	 ﾠcausative	 ﾠ
of	 ﾠCrohn’s	 ﾠdisease.	 ﾠHowever,	 ﾠCadwell	 ﾠwas	 ﾠable	 ﾠto	 ﾠdemonstrate	 ﾠthat	 ﾠa	 ﾠvirus-ﾭ‐plus-ﾭ‐
susceptibility	 ﾠ gene	 ﾠ interaction	 ﾠ could	 ﾠ modulate	 ﾠ the	 ﾠ pathological	 ﾠ response	 ﾠ to	 ﾠ
experimental	 ﾠcolitis	 ﾠin	 ﾠanimals	 ﾠ(Cadwell	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ
	 ﾠ
1.3.4  Physical	 ﾠantigens	 ﾠ
Multiple	 ﾠphysical	 ﾠagents	 ﾠhave	 ﾠbeen	 ﾠconsidered.	 ﾠA	 ﾠproportion	 ﾠof	 ﾠgranulomata	 ﾠfound	 ﾠ
within	 ﾠ Crohn’s	 ﾠ disease	 ﾠ tissue	 ﾠ are	 ﾠ found	 ﾠ to	 ﾠ contain	 ﾠ crystals,	 ﾠ usually	 ﾠ oxalate.	 ﾠ So	 ﾠ
crystals	 ﾠ and	 ﾠ toothpaste	 ﾠ were	 ﾠ at	 ﾠ one	 ﾠ point	 ﾠ hypothesised	 ﾠ to	 ﾠ be	 ﾠ the	 ﾠ responsible	 ﾠ
agents	 ﾠ (Roge	 ﾠ et	 ﾠ al.,	 ﾠ 1991,	 ﾠ Williams,	 ﾠ 1991,	 ﾠ Sullivan,	 ﾠ 1990).	 ﾠ Dietary	 ﾠ submicron	 ﾠ
exogenous	 ﾠ microparticles	 ﾠ have	 ﾠ also	 ﾠ been	 ﾠ examined	 ﾠ (Butler	 ﾠ et	 ﾠ al.,	 ﾠ 2007)	 ﾠ but	 ﾠ
exclusion	 ﾠdiets	 ﾠshowed	 ﾠno	 ﾠdifference	 ﾠin	 ﾠdisease	 ﾠactivity	 ﾠ(Lomer	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ
	 ﾠ
1.3.5  Dysbiosis,	 ﾠ innate	 ﾠ immune	 ﾠ deficiency,	 ﾠ intestinal	 ﾠ permeability	 ﾠ and	 ﾠ
antibiotics	 ﾠ
Another	 ﾠ suggestion	 ﾠ is	 ﾠ that	 ﾠ Crohn’s	 ﾠ is	 ﾠ caused	 ﾠ by	 ﾠ an	 ﾠ increase	 ﾠ in	 ﾠ intestinal	 ﾠ
permeability	 ﾠ that	 ﾠ leads	 ﾠ to	 ﾠ greater	 ﾠ movement	 ﾠ of	 ﾠ antigens	 ﾠ across	 ﾠ the	 ﾠ intestinal	 ﾠ
epithelium	 ﾠwith	 ﾠconsequent	 ﾠincreased	 ﾠimmune	 ﾠexposure.	 ﾠNumerous	 ﾠstudies	 ﾠhave	 ﾠ
shown	 ﾠ increased	 ﾠ intestinal	 ﾠ permeability	 ﾠ in	 ﾠ Crohn’s	 ﾠ sufferers	 ﾠ and	 ﾠ similar	 ﾠ
abnormalities	 ﾠin	 ﾠpermeability	 ﾠhave	 ﾠbeen	 ﾠidentified	 ﾠin	 ﾠtheir	 ﾠasymptomatic	 ﾠrelatives	 ﾠ
suggesting	 ﾠ a	 ﾠ genetic	 ﾠ predisposition.	 ﾠ This	 ﾠ is	 ﾠ collectively	 ﾠ termed	 ﾠ ‘the	 ﾠ leaky	 ﾠ gut	 ﾠ
hypothesis’	 ﾠ(Ma,	 ﾠ1997,	 ﾠSilva,	 ﾠ2009,	 ﾠPravda,	 ﾠ2011).	 ﾠCrohn’s	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠattributed	 ﾠ
to	 ﾠ a	 ﾠ deficiency	 ﾠ in	 ﾠ the	 ﾠ intestinal	 ﾠ innate	 ﾠ immune	 ﾠ defence,	 ﾠ which	 ﾠ protects	 ﾠ hosts	 ﾠ
against	 ﾠ organisms	 ﾠ that	 ﾠ have	 ﾠ breached	 ﾠ the	 ﾠ epithelial	 ﾠ barrier.	 ﾠ This	 ﾠ theory	 ﾠ is	 ﾠ
supported	 ﾠby	 ﾠthe	 ﾠvirtually	 ﾠindistinguishable	 ﾠintestinal	 ﾠdisease	 ﾠphenotype	 ﾠseen	 ﾠin	 ﾠ
genetic	 ﾠ syndromes	 ﾠ of	 ﾠ neutrophil	 ﾠ and	 ﾠ monocyte	 ﾠ dysfunction	 ﾠ such	 ﾠ as	 ﾠ glycogen	 ﾠ
storage	 ﾠdisorder	 ﾠ1b	 ﾠand	 ﾠchronic	 ﾠgranulomatous	 ﾠdisease	 ﾠ(Dieckgraefe	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ
It	 ﾠ hypothesises	 ﾠ that	 ﾠ failure	 ﾠ of	 ﾠ inflammatory	 ﾠ mediator	 ﾠ production	 ﾠ results	 ﾠ in	 ﾠ
insufficient	 ﾠ recruitment	 ﾠ of	 ﾠ neutrophils.	 ﾠ This	 ﾠ leads	 ﾠ to	 ﾠ inadequate	 ﾠ removal	 ﾠ of	 ﾠ
bacteria	 ﾠ but	 ﾠ which	 ﾠ can	 ﾠ be	 ﾠ partly	 ﾠ compensated	 ﾠ for	 ﾠ by	 ﾠ NOD	 ﾠ 2.	 ﾠ However	 ﾠ if	 ﾠ the	 ﾠ
bacterial	 ﾠinflux	 ﾠis	 ﾠnot	 ﾠcleared	 ﾠthe	 ﾠbacteria	 ﾠare	 ﾠphagocytosed	 ﾠby	 ﾠmacrophages	 ﾠand	 ﾠ	 ﾠ 22	 ﾠ
this	 ﾠresults	 ﾠin	 ﾠthe	 ﾠgranulomatous	 ﾠreaction	 ﾠcharacteristic	 ﾠof	 ﾠCrohn’s	 ﾠ(Marks	 ﾠand	 ﾠ
Segal,	 ﾠ2008).	 ﾠ	 ﾠ
Related	 ﾠto	 ﾠthe	 ﾠtheories	 ﾠsurrounding	 ﾠmucosal	 ﾠbarrier	 ﾠfunction	 ﾠand	 ﾠimmunity	 ﾠis	 ﾠthe	 ﾠ
idea	 ﾠthat	 ﾠthe	 ﾠcomposition	 ﾠof	 ﾠthe	 ﾠintestinal	 ﾠmicrobiota	 ﾠis	 ﾠthe	 ﾠfactor	 ﾠthat	 ﾠhas	 ﾠchanged	 ﾠ
in	 ﾠWestern	 ﾠsociety	 ﾠand	 ﾠwhich	 ﾠcauses	 ﾠCrohn’s	 ﾠdisease.	 ﾠThis	 ﾠis	 ﾠtermed	 ﾠdysbiosis	 ﾠand	 ﾠ
represents	 ﾠ an	 ﾠ imbalance	 ﾠ between	 ﾠ harmful	 ﾠ and	 ﾠ helpful	 ﾠ luminal	 ﾠ microbes	 ﾠ (De	 ﾠ
Hertogh	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠFriswell	 ﾠet	 ﾠal.,	 ﾠ2010,	 ﾠKau	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠThe	 ﾠloss	 ﾠof	 ﾠhelminths	 ﾠ
from	 ﾠour	 ﾠintestinal	 ﾠflora	 ﾠ(Weinstock	 ﾠet	 ﾠal.,	 ﾠ2002),	 ﾠthe	 ﾠuse	 ﾠof	 ﾠchildhood	 ﾠantibiotics	 ﾠ
(Card	 ﾠ et	 ﾠ al.,	 ﾠ 2004),	 ﾠ the	 ﾠ hygiene	 ﾠ hypothesis	 ﾠ (Bach,	 ﾠ 2002)	 ﾠ and	 ﾠ the	 ﾠ cold	 ﾠ chain	 ﾠ
hypothesis	 ﾠ(Hugot	 ﾠet	 ﾠal.,	 ﾠ2003)	 ﾠalong	 ﾠwith	 ﾠmultiple	 ﾠdietary	 ﾠsources	 ﾠhave	 ﾠall	 ﾠbeen	 ﾠ
suggested	 ﾠto	 ﾠexplain	 ﾠthese	 ﾠchanges.	 ﾠCommensal	 ﾠbacteria	 ﾠmodulate	 ﾠgene	 ﾠexpression	 ﾠ
in	 ﾠseveral	 ﾠimportant	 ﾠintestinal	 ﾠfunctions,	 ﾠincluding	 ﾠmucosal	 ﾠbarrier	 ﾠfortification,	 ﾠ
angiogenesis,	 ﾠ xenobiotic	 ﾠ metabolism	 ﾠ and	 ﾠ postnatal	 ﾠ maturation	 ﾠ (Hooper	 ﾠ and	 ﾠ
Gordon,	 ﾠ2001).	 ﾠThis	 ﾠsymbiotic	 ﾠrelationship	 ﾠoccurs	 ﾠwithin	 ﾠthe	 ﾠfirst	 ﾠ3	 ﾠyears	 ﾠof	 ﾠlife	 ﾠas	 ﾠ
the	 ﾠ bowel	 ﾠ is	 ﾠ gradually	 ﾠ colonised.	 ﾠ This	 ﾠ colonisation	 ﾠ could	 ﾠ be	 ﾠ altered	 ﾠ by	 ﾠ many	 ﾠ
factors,	 ﾠincluding	 ﾠmaternal	 ﾠinfluences	 ﾠsuch	 ﾠas	 ﾠbreastfeeding	 ﾠ(Klement	 ﾠet	 ﾠal.,	 ﾠ2004)	 ﾠ
or	 ﾠbottle-ﾭ‐feeding	 ﾠ(Fanaro	 ﾠet	 ﾠal.,	 ﾠ2003),	 ﾠroute	 ﾠof	 ﾠdelivery	 ﾠat	 ﾠbirth	 ﾠand	 ﾠgenetic	 ﾠfactors,	 ﾠ
or	 ﾠenvironmental	 ﾠinfluences	 ﾠsuch	 ﾠas	 ﾠhygiene	 ﾠ(Gearry	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠor	 ﾠantibiotic	 ﾠuse	 ﾠ
(Card	 ﾠet	 ﾠal.,	 ﾠ2004,	 ﾠBlaser,	 ﾠ2011,	 ﾠHviid	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ	 ﾠ
1.3.6  Curiosities	 ﾠ
There	 ﾠare	 ﾠmany	 ﾠother	 ﾠinteresting	 ﾠassociations	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠthat	 ﾠhave	 ﾠbeen	 ﾠ
reported	 ﾠ but	 ﾠ have	 ﾠ yet	 ﾠ to	 ﾠ be	 ﾠ explained.	 ﾠ Appendicectomy	 ﾠ has	 ﾠ been	 ﾠ shown	 ﾠ to	 ﾠ be	 ﾠ
protective	 ﾠ in	 ﾠ ulcerative	 ﾠ colitis	 ﾠ (Radford-ﾭ‐Smith	 ﾠ et	 ﾠ al.,	 ﾠ 2002)	 ﾠ but	 ﾠ predisposes	 ﾠ to	 ﾠ
Crohn’s	 ﾠ disease	 ﾠ (Cosnes	 ﾠ et	 ﾠ al.,	 ﾠ 2006,	 ﾠ Andersson	 ﾠ et	 ﾠ al.,	 ﾠ 2003).	 ﾠ Similarly	 ﾠ and	 ﾠ
respectively,	 ﾠ smoking	 ﾠ causes	 ﾠ the	 ﾠ same	 ﾠ effect	 ﾠ (Cosnes,	 ﾠ 2004).	 ﾠ The	 ﾠ proposed	 ﾠ
mechanism	 ﾠ is	 ﾠ immunomodulation	 ﾠ of	 ﾠ the	 ﾠ intestinal	 ﾠ immune	 ﾠ system	 ﾠ and	 ﾠ altered	 ﾠ
tolerance	 ﾠto	 ﾠthe	 ﾠmicrobiota	 ﾠ(Baumgart	 ﾠand	 ﾠCarding,	 ﾠ2007).	 ﾠSmall	 ﾠbut	 ﾠnonetheless	 ﾠ
interesting	 ﾠcase	 ﾠreports	 ﾠhave	 ﾠalso	 ﾠdescribed	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠ
after	 ﾠgastric	 ﾠbypass	 ﾠsurgery	 ﾠ(Ahn	 ﾠet	 ﾠal.,	 ﾠ2005)	 ﾠand	 ﾠin	 ﾠthe	 ﾠbiliopancreatic	 ﾠlimb	 ﾠafter	 ﾠ
duodenal	 ﾠswitch	 ﾠ(Pretolesi	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠThe	 ﾠtemporary	 ﾠbut	 ﾠcomplete	 ﾠremission	 ﾠof	 ﾠ
Crohn’s	 ﾠafter	 ﾠan	 ﾠunrelated	 ﾠfebrile	 ﾠillness	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠreported	 ﾠ(Hoption	 ﾠCann	 ﾠand	 ﾠ
van	 ﾠNetten,	 ﾠ2011).	 ﾠ	 ﾠ 23	 ﾠ
1.3.7  Diet	 ﾠ
A	 ﾠseminal	 ﾠstudy	 ﾠby	 ﾠRutgeerts	 ﾠ(Rutgeerts	 ﾠet	 ﾠal.,	 ﾠ1991)	 ﾠcomparing	 ﾠdefunctioned	 ﾠand	 ﾠ
non-ﾭ‐defunctioned	 ﾠ bowel	 ﾠ anastomoses	 ﾠ showed	 ﾠ that	 ﾠ anastomotic	 ﾠ recurrence	 ﾠ of	 ﾠ
Crohn’s	 ﾠdisease	 ﾠafter	 ﾠileocaecal	 ﾠresection	 ﾠwas	 ﾠdependent	 ﾠon	 ﾠfaecal	 ﾠstream.	 ﾠSome	 ﾠ
factor	 ﾠor	 ﾠagent	 ﾠwithin	 ﾠthe	 ﾠsmall	 ﾠbowel	 ﾠcontent	 ﾠis	 ﾠrequisite	 ﾠfor	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠ
Crohn’s	 ﾠdisease	 ﾠ(D'Haens	 ﾠet	 ﾠal.,	 ﾠ1998).	 ﾠGiven	 ﾠthe	 ﾠhistorical	 ﾠinfancy	 ﾠof	 ﾠthe	 ﾠdisease,	 ﾠ
the	 ﾠ strong	 ﾠ environmental	 ﾠ and	 ﾠ geographic	 ﾠ factors,	 ﾠ and	 ﾠ the	 ﾠ association	 ﾠ with	 ﾠ the	 ﾠ
developed	 ﾠworld,	 ﾠit	 ﾠis	 ﾠlikely	 ﾠthat	 ﾠthis	 ﾠintraluminal	 ﾠfactor	 ﾠis	 ﾠsomething	 ﾠthat	 ﾠhumans	 ﾠ
have	 ﾠeither	 ﾠbegun	 ﾠto	 ﾠstart	 ﾠingesting	 ﾠin	 ﾠthe	 ﾠpast	 ﾠ100	 ﾠyears	 ﾠor	 ﾠWestern	 ﾠsociety	 ﾠhas	 ﾠ
increased	 ﾠthe	 ﾠquantity	 ﾠof	 ﾠits	 ﾠingestion.	 ﾠ	 ﾠ
Diet	 ﾠ may	 ﾠ be	 ﾠ involved	 ﾠ in	 ﾠ the	 ﾠ aetiology	 ﾠ of	 ﾠ Crohn’s	 ﾠ disease	 ﾠ through	 ﾠ a	 ﾠ variety	 ﾠ of	 ﾠ
proposed	 ﾠ mechanisms,	 ﾠ which	 ﾠ include	 ﾠ modification	 ﾠ of	 ﾠ inflammatory	 ﾠ processes,	 ﾠ
alteration	 ﾠof	 ﾠgut	 ﾠmicrobiota	 ﾠand	 ﾠtoxic	 ﾠactions	 ﾠof	 ﾠnutrients	 ﾠon	 ﾠthe	 ﾠintestinal	 ﾠmucosa.	 ﾠ
Proteins,	 ﾠlipids,	 ﾠfibre,	 ﾠminerals	 ﾠand	 ﾠphytochemicals	 ﾠhave	 ﾠthe	 ﾠpotential	 ﾠto	 ﾠmodify	 ﾠ
these	 ﾠprocesses.	 ﾠ	 ﾠ
Studies	 ﾠto	 ﾠexamine	 ﾠthe	 ﾠrelationship	 ﾠbetween	 ﾠinflammatory	 ﾠbowel	 ﾠdisease	 ﾠand	 ﾠdiet	 ﾠ
are	 ﾠnotoriously	 ﾠdifficult	 ﾠperform	 ﾠprospectively.	 ﾠThis	 ﾠis	 ﾠdue	 ﾠto	 ﾠthe	 ﾠlow	 ﾠincidence	 ﾠof	 ﾠ
the	 ﾠdisease	 ﾠand	 ﾠthe	 ﾠnear	 ﾠimpossibility	 ﾠof	 ﾠstandardising	 ﾠthe	 ﾠdiet	 ﾠof	 ﾠa	 ﾠsufficiently	 ﾠ
large	 ﾠnumber	 ﾠof	 ﾠsubjects	 ﾠfor	 ﾠlong	 ﾠenough	 ﾠto	 ﾠdevelop	 ﾠenough	 ﾠpatients	 ﾠwith	 ﾠCrohn’s	 ﾠ
disease	 ﾠto	 ﾠdraw	 ﾠany	 ﾠconclusions.	 ﾠAs	 ﾠa	 ﾠresult	 ﾠmost	 ﾠof	 ﾠthe	 ﾠstudy	 ﾠdata	 ﾠon	 ﾠdiet	 ﾠin	 ﾠ
Crohn’s	 ﾠ disease	 ﾠ is	 ﾠ retrospective	 ﾠ and	 ﾠ complicated	 ﾠ by	 ﾠ recall	 ﾠ and	 ﾠ selection	 ﾠ bias	 ﾠ
negating	 ﾠany	 ﾠconvincing	 ﾠconclusions.	 ﾠ	 ﾠ
A	 ﾠ consistent	 ﾠ finding	 ﾠ of	 ﾠ retrospective	 ﾠ case-ﾭ‐control	 ﾠ studies	 ﾠ was	 ﾠ an	 ﾠ increased	 ﾠ
probability	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠwith	 ﾠa	 ﾠhigher	 ﾠsugar	 ﾠconsumption	 ﾠ(Jarnerot	 ﾠet	 ﾠal.,	 ﾠ
1983,	 ﾠ Mayberry	 ﾠ et	 ﾠ al.,	 ﾠ 1980,	 ﾠ Silkoff	 ﾠ et	 ﾠ al.,	 ﾠ 1980).	 ﾠ No	 ﾠ plausible	 ﾠ pathological	 ﾠ
mechanism	 ﾠ for	 ﾠ how	 ﾠ sugars	 ﾠ might	 ﾠ cause	 ﾠ Crohn’s	 ﾠ has	 ﾠ yet	 ﾠ been	 ﾠ elucidated.	 ﾠ The	 ﾠ
possibilities	 ﾠmight	 ﾠinclude	 ﾠan	 ﾠunknown	 ﾠpathological	 ﾠeffect	 ﾠof	 ﾠsugar,	 ﾠaltered	 ﾠbowel	 ﾠ
microbiota,	 ﾠor	 ﾠa	 ﾠresidual	 ﾠconfounder	 ﾠif	 ﾠthere	 ﾠis	 ﾠan	 ﾠas	 ﾠyet	 ﾠunidentified	 ﾠaetiological	 ﾠ
agent	 ﾠthat	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠsugar	 ﾠintake	 ﾠ(de	 ﾠSilva	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠImportantly	 ﾠthe	 ﾠ
French	 ﾠE3N	 ﾠand	 ﾠIBD	 ﾠin	 ﾠEpic	 ﾠprospective	 ﾠcohort	 ﾠstudies	 ﾠreported	 ﾠno	 ﾠassociation	 ﾠ
with	 ﾠcarbohydrate	 ﾠintake	 ﾠ(Jantchou	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠand	 ﾠtotal	 ﾠsugar	 ﾠintake	 ﾠrespectively	 ﾠ
(Hart,	 ﾠ 2012).	 ﾠ Similarly	 ﾠ diets	 ﾠ low	 ﾠ in	 ﾠ carbohydrate	 ﾠ have	 ﾠ not	 ﾠ proved	 ﾠ useful	 ﾠ in	 ﾠ	 ﾠ 24	 ﾠ
controlling	 ﾠflares	 ﾠor	 ﾠmaintaining	 ﾠremission	 ﾠ(Ritchie	 ﾠet	 ﾠal.,	 ﾠ1987,	 ﾠLorenz-ﾭ‐Meyer	 ﾠet	 ﾠ
al.,	 ﾠ1996)	 ﾠ
Animal	 ﾠprotein	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠassociated	 ﾠwith	 ﾠincreased	 ﾠrisk	 ﾠof	 ﾠinflammatory	 ﾠbowel	 ﾠ
disease	 ﾠ(Jantchou	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠIn	 ﾠJapan,	 ﾠa	 ﾠcountry	 ﾠwith	 ﾠa	 ﾠpreviously	 ﾠlow	 ﾠincidence	 ﾠ
of	 ﾠCrohn’s	 ﾠdisease,	 ﾠcultural	 ﾠchanges	 ﾠhave	 ﾠinvolved	 ﾠadoption	 ﾠof	 ﾠa	 ﾠwesternised	 ﾠdiet,	 ﾠ
and	 ﾠincreased	 ﾠanimal	 ﾠprotein	 ﾠhas	 ﾠbeen	 ﾠimplicated	 ﾠin	 ﾠthe	 ﾠemergence	 ﾠof	 ﾠCrohn’s	 ﾠ
disease	 ﾠin	 ﾠJapan	 ﾠ(Shoda	 ﾠet	 ﾠal.,	 ﾠ1996).	 ﾠMechanisms	 ﾠby	 ﾠwhich	 ﾠanimal	 ﾠprotein	 ﾠmight	 ﾠ
be	 ﾠresponsible	 ﾠare	 ﾠthe	 ﾠbreakdown	 ﾠof	 ﾠhaem	 ﾠinto	 ﾠreactive	 ﾠoxygen	 ﾠspecies	 ﾠ(Andersen	 ﾠ
et	 ﾠal.,	 ﾠ2012)	 ﾠas	 ﾠsources	 ﾠof	 ﾠheterocyclic	 ﾠamines,	 ﾠpolycyclic	 ﾠaromatic	 ﾠhydrocarbons	 ﾠ
(PAH)	 ﾠand	 ﾠN-ﾭ‐nitroso	 ﾠcompounds	 ﾠwhich	 ﾠare	 ﾠcarcinogens	 ﾠcaused	 ﾠby	 ﾠcooking	 ﾠand	 ﾠ
processing	 ﾠmeat	 ﾠ(Santarelli	 ﾠet	 ﾠal.,	 ﾠ2008)	 ﾠor	 ﾠby	 ﾠthe	 ﾠfatty	 ﾠacids	 ﾠcontained	 ﾠwithin	 ﾠit.	 ﾠ	 ﾠ
A	 ﾠpositive	 ﾠrelationship	 ﾠbetween	 ﾠdietary	 ﾠfat	 ﾠintake	 ﾠand	 ﾠCrohn’s	 ﾠdisease	 ﾠhas	 ﾠbeen	 ﾠ
demonstrated	 ﾠ(Amre	 ﾠet	 ﾠal.,	 ﾠ2007,	 ﾠD'Souza	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠPolyunsaturated	 ﾠfatty	 ﾠacids	 ﾠ
(PUFAs)	 ﾠmay	 ﾠbe	 ﾠthe	 ﾠdietary	 ﾠnutrients	 ﾠresponsible	 ﾠfor	 ﾠthe	 ﾠeffects	 ﾠon	 ﾠinflammation	 ﾠ
in	 ﾠCrohn’s.	 ﾠThey	 ﾠare	 ﾠpresent	 ﾠin	 ﾠmeats,	 ﾠbutters	 ﾠand	 ﾠmargarine,	 ﾠplant	 ﾠoils	 ﾠand	 ﾠfish.	 ﾠ
They	 ﾠcan	 ﾠbe	 ﾠseparated	 ﾠpredominantly	 ﾠinto	 ﾠtwo	 ﾠgroups:	 ﾠomega-ﾭ‐6	 ﾠ(n-ﾭ‐6)	 ﾠand	 ﾠomega-ﾭ‐
3	 ﾠ(n-ﾭ‐3),	 ﾠwhere	 ﾠthe	 ﾠnumber	 ﾠdenotes	 ﾠthe	 ﾠposition	 ﾠof	 ﾠthe	 ﾠfirst	 ﾠdouble	 ﾠcarbon	 ﾠbond	 ﾠin	 ﾠ
relation	 ﾠto	 ﾠthe	 ﾠterminal	 ﾠmethyl	 ﾠcarbon.	 ﾠThis	 ﾠgives	 ﾠthe	 ﾠfatty	 ﾠacids	 ﾠsimilar	 ﾠchemical	 ﾠ
properties	 ﾠ and	 ﾠ so	 ﾠ they	 ﾠ share	 ﾠ similar	 ﾠ biosynthetic	 ﾠ pathways.	 ﾠ N-ﾭ‐6	 ﾠ PUFAs	 ﾠ are	 ﾠ
predominantly	 ﾠfound	 ﾠin	 ﾠmeat	 ﾠand	 ﾠsunflower	 ﾠand	 ﾠmaize	 ﾠoils,	 ﾠwhereas	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠ
are	 ﾠfound	 ﾠin	 ﾠfish	 ﾠand	 ﾠflaxseed	 ﾠoils.	 ﾠPUFAs	 ﾠmay	 ﾠmodify	 ﾠinflammatory	 ﾠresponses	 ﾠby	 ﾠa	 ﾠ
number	 ﾠ of	 ﾠ mechanisms:	 ﾠ influencing	 ﾠ biochemical	 ﾠ compositions	 ﾠ of	 ﾠ mucosal	 ﾠ cell	 ﾠ
membranes,	 ﾠ increasing	 ﾠ cellular	 ﾠ stress,	 ﾠ altering	 ﾠ the	 ﾠ balance	 ﾠ of	 ﾠ lipid	 ﾠ signalling	 ﾠ
molecules	 ﾠ and	 ﾠ affecting	 ﾠ nuclear	 ﾠ receptors	 ﾠ (Calder,	 ﾠ 2009)	 ﾠ and	 ﾠ these	 ﾠ will	 ﾠ be	 ﾠ
discussed	 ﾠin	 ﾠgreater	 ﾠdetail	 ﾠlater	 ﾠin	 ﾠthe	 ﾠchapter.	 ﾠThe	 ﾠbiphospholid	 ﾠmembrane	 ﾠof	 ﾠ
cells	 ﾠ contains	 ﾠ n-ﾭ‐3	 ﾠ and	 ﾠ n-ﾭ‐6	 ﾠ PUFAs	 ﾠ including	 ﾠ eicosapentaenoic	 ﾠ acid	 ﾠ (EPA)	 ﾠ and	 ﾠ
arachidonic	 ﾠacid	 ﾠ(AA)	 ﾠrespectively.	 ﾠ	 ﾠ
In	 ﾠthe	 ﾠWestern	 ﾠdiet	 ﾠthere	 ﾠis	 ﾠa	 ﾠpredominance	 ﾠof	 ﾠn-ﾭ‐6	 ﾠPUFAs	 ﾠand	 ﾠa	 ﾠrecent	 ﾠDutch	 ﾠstudy	 ﾠ
reported	 ﾠ an	 ﾠ n-ﾭ‐6:n-ﾭ‐3	 ﾠ intake	 ﾠ ratio	 ﾠ of	 ﾠ 8:1	 ﾠ in	 ﾠ gastroenterology	 ﾠ patients	 ﾠ (Pot	 ﾠ et	 ﾠ al.,	 ﾠ
2009)	 ﾠ but	 ﾠ it	 ﾠ has	 ﾠ been	 ﾠ suggested	 ﾠ that	 ﾠ our	 ﾠ Palaeolithic	 ﾠ diet	 ﾠ would	 ﾠ have	 ﾠ more	 ﾠ
resembled	 ﾠ2:1	 ﾠ(Kuipers	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠInterestingly,	 ﾠthe	 ﾠprospective	 ﾠEPIC	 ﾠtrial	 ﾠfound	 ﾠ
a	 ﾠsignificant	 ﾠassociation	 ﾠwith	 ﾠbaseline	 ﾠintake	 ﾠof	 ﾠlinoleic	 ﾠacid,	 ﾠan	 ﾠn-ﾭ‐6	 ﾠPUFA,	 ﾠand	 ﾠthe	 ﾠ
risk	 ﾠof	 ﾠdeveloping	 ﾠulcerative	 ﾠcolitis	 ﾠ(Tjonneland	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠSimilarly	 ﾠmargarine,	 ﾠ	 ﾠ 25	 ﾠ
rich	 ﾠ in	 ﾠ linoleic	 ﾠ acid,	 ﾠ has	 ﾠ been	 ﾠ implicated	 ﾠ in	 ﾠ retrospective	 ﾠ case-ﾭ‐control	 ﾠ studies	 ﾠ
(Maconi	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠAnother	 ﾠlarge	 ﾠstudy	 ﾠlooking	 ﾠat	 ﾠlong-ﾭ‐term	 ﾠdietary	 ﾠfat	 ﾠintake	 ﾠ
and	 ﾠthe	 ﾠrisk	 ﾠof	 ﾠulcerative	 ﾠcolitis	 ﾠand	 ﾠCrohn’s	 ﾠdisease	 ﾠfound	 ﾠno	 ﾠassociation	 ﾠbetween	 ﾠ
total	 ﾠ fat,	 ﾠ saturated	 ﾠ fat,	 ﾠ unsaturated	 ﾠ fat,	 ﾠn-ﾭ‐3	 ﾠ or	 ﾠ n-ﾭ‐6	 ﾠPUFA	 ﾠintake	 ﾠand	 ﾠthe	 ﾠrisk	 ﾠof	 ﾠ
developing	 ﾠ ulcerative	 ﾠ colitis	 ﾠ or	 ﾠ Crohn’s	 ﾠ disease	 ﾠ (Ananthakrishnan	 ﾠ et	 ﾠ al.,	 ﾠ 2013).	 ﾠ
However	 ﾠCostea	 ﾠfound	 ﾠthat	 ﾠchildren	 ﾠwho	 ﾠconsumed	 ﾠa	 ﾠhigher	 ﾠn-ﾭ‐6:n-ﾭ‐3	 ﾠdietary	 ﾠratio	 ﾠ
were	 ﾠmore	 ﾠsusceptible	 ﾠto	 ﾠCrohn’s	 ﾠdisease	 ﾠif	 ﾠthey	 ﾠwere	 ﾠcarriers	 ﾠof	 ﾠspecific	 ﾠgenetic	 ﾠ
variants	 ﾠ of	 ﾠ genes	 ﾠ controlling	 ﾠ unsaturated	 ﾠ fatty	 ﾠ acid	 ﾠ metabolism	 ﾠ (Costea	 ﾠ et	 ﾠ al.,	 ﾠ
2014).	 ﾠ
Analyses	 ﾠof	 ﾠfatty	 ﾠacid	 ﾠcomposition	 ﾠof	 ﾠsubcutaneous	 ﾠadipose	 ﾠtissue	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠ
an	 ﾠincreased	 ﾠlevel	 ﾠof	 ﾠAA	 ﾠat	 ﾠbaseline	 ﾠwas	 ﾠassociated	 ﾠwith	 ﾠa	 ﾠ4-ﾭ‐fold	 ﾠincreased	 ﾠrisk	 ﾠof	 ﾠ
development	 ﾠ of	 ﾠ ulcerative	 ﾠ colitis	 ﾠ (de	 ﾠ Silva	 ﾠ et	 ﾠ al.,	 ﾠ 2010).	 ﾠ Furthermore	 ﾠ a	 ﾠ recent	 ﾠ
systematic	 ﾠ review	 ﾠ of	 ﾠ the	 ﾠ role	 ﾠ of	 ﾠ diet	 ﾠ and	 ﾠ development	 ﾠ of	 ﾠ inflammatory	 ﾠ bowel	 ﾠ
disease	 ﾠfound	 ﾠthat	 ﾠhigh	 ﾠintakes	 ﾠof	 ﾠtotal	 ﾠfat	 ﾠwas	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠ
Crohn’s	 ﾠdisease	 ﾠ(Hou	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ
	 ﾠ
1.4  The	 ﾠclinical	 ﾠfeatures	 ﾠof	 ﾠCrohn’s	 ﾠDisease	 ﾠ
1.4.1  Gastrointestinal	 ﾠFeatures	 ﾠ
Patients	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠhave	 ﾠintestinal	 ﾠand	 ﾠextra-ﾭ‐intestinal	 ﾠmanifestations.	 ﾠ
Crohn’s	 ﾠdisease	 ﾠpresentation	 ﾠcan	 ﾠbe	 ﾠsubtle	 ﾠwith	 ﾠintestinal	 ﾠsymptoms	 ﾠdependent	 ﾠon	 ﾠ
the	 ﾠlocation	 ﾠand	 ﾠthe	 ﾠseverity	 ﾠof	 ﾠinvolvement.	 ﾠOften	 ﾠthe	 ﾠfirst	 ﾠsymptom	 ﾠis	 ﾠabdominal	 ﾠ
pain	 ﾠbut	 ﾠothers	 ﾠare	 ﾠanorexia,	 ﾠnausea,	 ﾠdiarrhoea	 ﾠand	 ﾠweight	 ﾠloss.	 ﾠPerianal	 ﾠfissures	 ﾠ
and	 ﾠfistulae	 ﾠare	 ﾠcommon.	 ﾠ
1.4.2  Extraintestinal	 ﾠFeatures	 ﾠ
There	 ﾠ are	 ﾠ multiple	 ﾠ extraintestinal	 ﾠ features	 ﾠ that	 ﾠ are	 ﾠ usually	 ﾠ related	 ﾠ to	 ﾠ disease	 ﾠ
activity.	 ﾠ	 ﾠLow-ﾭ‐grade	 ﾠfevers,	 ﾠweight	 ﾠloss,	 ﾠgrowth	 ﾠretardation	 ﾠand	 ﾠdelay	 ﾠin	 ﾠsexual	 ﾠ
maturation	 ﾠin	 ﾠchildren	 ﾠare	 ﾠcommon.	 ﾠChronic	 ﾠundernutrition	 ﾠfrom	 ﾠeither	 ﾠdecreased	 ﾠ
oral	 ﾠnutrient	 ﾠintake	 ﾠsecondary	 ﾠto	 ﾠabdominal	 ﾠdiscomfort	 ﾠcombined	 ﾠwith	 ﾠa	 ﾠprotein	 ﾠ
losing	 ﾠenteropathy	 ﾠis	 ﾠconsidered	 ﾠto	 ﾠbe	 ﾠthe	 ﾠpredominant	 ﾠcause	 ﾠof	 ﾠgrowth	 ﾠdelay.	 ﾠ
However	 ﾠcorticosteroid	 ﾠuse	 ﾠin	 ﾠthe	 ﾠtreatment	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠcan	 ﾠalso	 ﾠcontribute	 ﾠ
to	 ﾠgrowth	 ﾠdelay.	 ﾠSome	 ﾠfemales	 ﾠmay	 ﾠexperience	 ﾠsecondary	 ﾠamenorrhoea	 ﾠdue	 ﾠto	 ﾠ
active	 ﾠ disease	 ﾠ or	 ﾠ weight	 ﾠ loss.	 ﾠ Other	 ﾠ features	 ﾠ include	 ﾠ arthritis,	 ﾠ mucocutaneous	 ﾠ	 ﾠ 26	 ﾠ
lesions,	 ﾠcutaneous	 ﾠlesions	 ﾠsuch	 ﾠas	 ﾠerythema	 ﾠnodosum	 ﾠand	 ﾠpyoderma	 ﾠgangrenosum,	 ﾠ
and	 ﾠophthalmic	 ﾠcomplications	 ﾠincluding	 ﾠepiscleritis,	 ﾠiritis	 ﾠand	 ﾠuveitis.	 ﾠGallstones,	 ﾠ
primary	 ﾠ sclerosing	 ﾠ cholangitis,	 ﾠ autoimmune	 ﾠ hepatitis,	 ﾠ nephrolithiasis	 ﾠ and	 ﾠ
osteopenia	 ﾠare	 ﾠall	 ﾠclosely	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠdisease.	 ﾠ
1.5  Pathology	 ﾠof	 ﾠCrohn’s	 ﾠDisease	 ﾠ
Crohn’s	 ﾠdisease	 ﾠcan	 ﾠaffect	 ﾠany	 ﾠpart	 ﾠof	 ﾠthe	 ﾠgastrointestinal	 ﾠtract.	 ﾠDiseased	 ﾠsegments	 ﾠ
of	 ﾠbowel	 ﾠare	 ﾠoften	 ﾠseparated	 ﾠby	 ﾠareas	 ﾠof	 ﾠunaffected	 ﾠbowel.	 ﾠThe	 ﾠinflammation	 ﾠis	 ﾠ
transmural	 ﾠ involving	 ﾠ the	 ﾠ entire	 ﾠ thickness	 ﾠ of	 ﾠ the	 ﾠ bowel	 ﾠ wall	 ﾠ and	 ﾠ often	 ﾠ extends	 ﾠ
through	 ﾠthe	 ﾠserosa.	 ﾠThe	 ﾠMontreal	 ﾠclassification	 ﾠrecognises	 ﾠa	 ﾠdistinction	 ﾠbetween	 ﾠ
stricturing	 ﾠdisease	 ﾠ–	 ﾠconstant	 ﾠluminal	 ﾠnarrowing	 ﾠand	 ﾠpenetrating	 ﾠdisease	 ﾠ–	 ﾠdefined	 ﾠ
by	 ﾠ the	 ﾠ formation	 ﾠ of	 ﾠ intra-ﾭ‐abdominal	 ﾠ fistulae	 ﾠ and	 ﾠ inflammatory	 ﾠ masses	 ﾠ or	 ﾠ
abscesses	 ﾠ(Satsangi	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠ	 ﾠ
	 ﾠ
Montreal	 ﾠclassification	 ﾠfor	 ﾠCrohn's	 ﾠdisease	 ﾠ
Age	 ﾠat	 ﾠdiagnosis	 ﾠ A1	 ﾠbelow	 ﾠ16	 ﾠy	 ﾠ
	 ﾠ A2	 ﾠbetween	 ﾠ17	 ﾠand	 ﾠ40	 ﾠy	 ﾠ
	 ﾠ A3	 ﾠabove	 ﾠ40	 ﾠy	 ﾠ
	 ﾠ 	 ﾠ
Location	 ﾠ L1	 ﾠileal	 ﾠ
	 ﾠ L2	 ﾠcolonic	 ﾠ
	 ﾠ L3	 ﾠileocolonic	 ﾠ
	 ﾠ L4	 ﾠisolated	 ﾠupper	 ﾠdisease*	 ﾠ
	 ﾠ 	 ﾠ
Behaviour	 ﾠ B1	 ﾠnon-ﾭ‐stricturing,	 ﾠnon-ﾭ‐penetrating	 ﾠ
	 ﾠ B2	 ﾠstricturing	 ﾠ
	 ﾠ B3	 ﾠpenetrating	 ﾠ
	 ﾠ p	 ﾠperianal	 ﾠdisease	 ﾠmodifier†	 ﾠ
Table	 ﾠ1.	 ﾠThe	 ﾠMontreal	 ﾠClassification	 ﾠof	 ﾠCrohn's	 ﾠdisease	 ﾠ
*L4	 ﾠis	 ﾠa	 ﾠmodifier	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠadded	 ﾠto	 ﾠL1–L3	 ﾠwhen	 ﾠconcomitant	 ﾠupper	 ﾠ
gastrointestinal	 ﾠdisease	 ﾠis	 ﾠpresent.	 ﾠ
†“p”	 ﾠis	 ﾠadded	 ﾠto	 ﾠB1–B3	 ﾠwhen	 ﾠconcomitant	 ﾠperianal	 ﾠdisease	 ﾠis	 ﾠpresent.	 ﾠ
	 ﾠ
	 ﾠ
1.5.1  	 ﾠMacroscopic	 ﾠhistological	 ﾠfeatures	 ﾠ
Small	 ﾠulcerations	 ﾠoccur	 ﾠover	 ﾠPeyer’s	 ﾠpatches	 ﾠcalled	 ﾠaphthoid	 ﾠulcers,	 ﾠwhich	 ﾠextend	 ﾠ
into	 ﾠ longitudinal	 ﾠ ulcers	 ﾠ called	 ﾠ serpiginous	 ﾠ ulcers.	 ﾠ These	 ﾠ are	 ﾠ usually	 ﾠ on	 ﾠ the	 ﾠ
mesenteric	 ﾠ border.	 ﾠ The	 ﾠ bowel	 ﾠ wall	 ﾠ is	 ﾠ thickened	 ﾠ with	 ﾠ involvement	 ﾠ of	 ﾠ the	 ﾠ	 ﾠ 27	 ﾠ
submucosa,	 ﾠmuscularis	 ﾠpropria,	 ﾠsubserosa	 ﾠand	 ﾠmesenteric	 ﾠfat.	 ﾠThe	 ﾠmesenteric	 ﾠfat	 ﾠ
can	 ﾠ extend	 ﾠ from	 ﾠ the	 ﾠ mesenteric	 ﾠ attachment	 ﾠ to	 ﾠ surround	 ﾠ the	 ﾠ affected	 ﾠ segment,	 ﾠ
which	 ﾠ is	 ﾠ called	 ﾠ ‘fat-ﾭ‐wrapping’.	 ﾠ Fat	 ﾠ wrapping	 ﾠ is	 ﾠ defined	 ﾠ as	 ﾠ being	 ﾠ present	 ﾠ when	 ﾠ
greater	 ﾠthan	 ﾠ50%	 ﾠof	 ﾠthe	 ﾠcircumference	 ﾠis	 ﾠcovered	 ﾠand	 ﾠoccurs	 ﾠin	 ﾠup	 ﾠto	 ﾠ75%	 ﾠof	 ﾠ
surgical	 ﾠspecimens	 ﾠ(Sheehan	 ﾠet	 ﾠal.,	 ﾠ1992).	 ﾠThe	 ﾠassociated	 ﾠmesentery	 ﾠis	 ﾠthickened	 ﾠ
and	 ﾠretracted.	 ﾠThis	 ﾠfat	 ﾠwrapping	 ﾠis	 ﾠalmost	 ﾠpathognomonic	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠ
will	 ﾠbe	 ﾠdiscussed	 ﾠfurther	 ﾠlater.	 ﾠ	 ﾠ
	 ﾠ
Figure	 ﾠ1.	 ﾠA	 ﾠdiagram	 ﾠindicating	 ﾠthe	 ﾠparts	 ﾠof	 ﾠthe	 ﾠbowel	 ﾠaffected	 ﾠby	 ﾠCrohn’s	 ﾠdisease,	 ﾠ
the	 ﾠextra-ﾭ‐intestinal	 ﾠfeatures	 ﾠand	 ﾠthe	 ﾠMontreal	 ﾠclassification.	 ﾠ(Baumgart	 ﾠand	 ﾠ
Sandborn,	 ﾠ2012)	 ﾠ
	 ﾠ
1.5.2  Microscopic	 ﾠhistological	 ﾠfeatures	 ﾠ
Microscopically	 ﾠ local	 ﾠ chronic	 ﾠ inflammation	 ﾠ extends	 ﾠ into	 ﾠ the	 ﾠ submucosa	 ﾠ
characterised	 ﾠ by	 ﾠ focal	 ﾠ infiltration	 ﾠ of	 ﾠ neutrophils	 ﾠ associated	 ﾠ with	 ﾠ lymphoid	 ﾠ
aggregates.	 ﾠ Neutrophils	 ﾠ and	 ﾠ monocytes	 ﾠ infiltrate	 ﾠ the	 ﾠ mucosal	 ﾠ crypts	 ﾠ leading	 ﾠ to	 ﾠ
cryptitis	 ﾠ and	 ﾠ crypt	 ﾠ abscesses.	 ﾠ Aggregates	 ﾠ of	 ﾠ macrophages	 ﾠ form	 ﾠ non-ﾭ‐caseating	 ﾠ
granulomata	 ﾠin	 ﾠup	 ﾠto	 ﾠ50%	 ﾠof	 ﾠcases,	 ﾠand	 ﾠthere	 ﾠis	 ﾠassociated	 ﾠlocal	 ﾠvasculitis	 ﾠand	 ﾠ
lymphangiectasia	 ﾠ(Hendrickson	 ﾠet	 ﾠal.,	 ﾠ2002,	 ﾠVan	 ﾠKruiningen	 ﾠand	 ﾠColombel,	 ﾠ2008).	 ﾠ
	 ﾠ
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306 patients were diagnosed between the ages of 17 and 
40  years  (Montreal  category  A2).  Crohn’s  disease  was 
located in the terminal ileum in 45% (L1), colon in 32% 
(L2), ileocolon in 19% (L3), and upper gastro  intestinal tract 
in 4% (L4). Most patients (81%) had a non-stricturing non-
penetrating phenotype (B1), 5% a stricturing (B2) and 14% 
a penetrating (B3 or B3p) phenotype. Almost a ﬁ  fth (19%) 
of patients progressed to a more aggressive phenotype at 
90 days and more than half (51%) at 20 years after initial 
diagnosis, especially when ileal and perianal involvement 
(ﬁ  stulas) were present at the time of diagnosis.
Diagnostic instruments
Endoscopy
The gold standard for all patients with Crohn’s disease is a 
full  ileocolonoscopy  with  biopsies.  Chromoendoscopy 
with methylene blue dye-spray targeted biopsies results in 
improved detection of dysplasia compared with con  ven-
tional random and sequential biopsy methods.
93 Although 
digital alternatives such as narrow band imaging are less 
time  consuming,  they  cannot  be  recommended  as  a 
standard technique because of increased rates of missed 
dysplasia.
94 Capsule endoscopy might be more sensitive 
compared  with  enterography  or  enteroclysis  combined 
with CT (CTE) and MRI (MRE) in patients without endo-
scopic or clinical sus  picion of stenosis.
95
CT and MRI enterography or enteroclysis
Enteroclysis is distinguished from enterography by the 
need to apply luminal contrast through an enteric tube. 
CTE oﬀ  ers the highest spatial resolution and has replaced 
small  bowel  ﬂ  uoroscopy  in  leading  centres.  It  is  very 
sensitive, can show inﬂ  ammation missed by other tech-
niques,  can  detect  complications  such  as  obstruction, 
ﬁ  stulas, and abscesses, and might even be cost eﬀ  ective. 
Its  major  disadvantage  is  high  radiation  exposure, 
although  sophisticated  mathematical  algo  rithms  of 
image acquisition and processing can reduce it. MRE is a 
non-radiating,  non-iodine-contrast  based  alternative  to 
CTE. With appropriate protocols it can provide movies to 
assess motility and detailed imaging of the bowel wall 
down  to  mucosal  level.  It  is  the  preferred  choice  for 
repeated imaging, long-term follow-up and work-up of 
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Figure 3: Phenotype of Crohn’s disease
(A) Montreal classiﬁ  cation.
90 Classiﬁ  cation by age is A1 <16 years, A2 17–40 years, A3 >40 years. (B) Major extraintestinal manifestations
8 and associated autoimmune disorders
9 (blue). GI=gastrointestinal. 
p=perianal disease modiﬁ  er. p is added to B1–3 when concomitant perianal disease is present. L4 describes upper GI disease and is also used as a modiﬁ  er that can be added to L1–L3 when concomitant 
upper GI disease is present.	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1.6  Management	 ﾠof	 ﾠCrohn’s	 ﾠDisease	 ﾠ
The	 ﾠmain	 ﾠgoals	 ﾠof	 ﾠtherapy	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠare	 ﾠto	 ﾠinduce	 ﾠclinical	 ﾠremission	 ﾠand	 ﾠ
then	 ﾠ to	 ﾠ maintain	 ﾠ it.	 ﾠ Unfortunately	 ﾠ Crohn’s	 ﾠ disease	 ﾠ tends	 ﾠ to	 ﾠ be	 ﾠ relapsing	 ﾠ and	 ﾠ
frequently	 ﾠrequires	 ﾠsurgery.	 ﾠSecondary	 ﾠaims	 ﾠof	 ﾠtreatment	 ﾠare	 ﾠto	 ﾠheal	 ﾠthe	 ﾠinflamed	 ﾠ
bowel,	 ﾠ improve	 ﾠ quality	 ﾠ of	 ﾠ life,	 ﾠ prevent	 ﾠ complications	 ﾠ and	 ﾠ to	 ﾠ minimise	 ﾠ the	 ﾠ
requirement	 ﾠfor	 ﾠsurgery.	 ﾠ
1.6.1  Medical	 ﾠtherapy	 ﾠ
Since	 ﾠthe	 ﾠaetiology	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠremains	 ﾠelusive	 ﾠmedical	 ﾠtreatments	 ﾠtarget	 ﾠ
suppression	 ﾠ and	 ﾠ downregulation	 ﾠ of	 ﾠ the	 ﾠ immune	 ﾠ and	 ﾠ inflammatory	 ﾠ response.	 ﾠ
These	 ﾠinclude	 ﾠ5-ﾭ‐aminosalicylates	 ﾠ(mesalazine),	 ﾠimmunomodulators	 ﾠ(azathioprine,	 ﾠ
6-ﾭ‐mercaptopurine,	 ﾠ methotrexate	 ﾠ and	 ﾠ ciclosporin),	 ﾠ corticosteroids	 ﾠ and	 ﾠ targeted	 ﾠ
monoclonal	 ﾠ antibodies	 ﾠ to	 ﾠ tumour	 ﾠ necrosis	 ﾠ factor-ﾭ‐alpha	 ﾠ (TNFα)	 ﾠ (infliximab	 ﾠ and	 ﾠ
adalimumab).	 ﾠ The	 ﾠ antibiotics	 ﾠ metronidazole	 ﾠ and	 ﾠ ciprofloxacin	 ﾠ are	 ﾠ useful	 ﾠ for	 ﾠ
controlling	 ﾠ perianal	 ﾠ sepsis.	 ﾠ Unfortunately	 ﾠ these	 ﾠ medications	 ﾠ have	 ﾠ side	 ﾠ effects	 ﾠ
including	 ﾠ teratogenicity,	 ﾠ growth	 ﾠ retardation,	 ﾠ osteopenia	 ﾠ and	 ﾠ increased	 ﾠ risk	 ﾠ of	 ﾠ
opportunistic	 ﾠ infection	 ﾠ (Toruner	 ﾠ et	 ﾠ al.,	 ﾠ 2008)	 ﾠ and	 ﾠ malignancy	 ﾠ (Biancone	 ﾠ et	 ﾠ al.,	 ﾠ
2007).	 ﾠ
1.6.2  Nutritional	 ﾠTherapy	 ﾠ
Crohn’s	 ﾠ disease	 ﾠ patients	 ﾠ are	 ﾠ frequently	 ﾠ malnourished	 ﾠ due	 ﾠ to	 ﾠ anorexia,	 ﾠ
malabsorption	 ﾠ from	 ﾠ inflamed	 ﾠ segment,	 ﾠ increased	 ﾠ intestinal	 ﾠ losses	 ﾠ and	 ﾠ the	 ﾠ
catabolic	 ﾠeffect	 ﾠof	 ﾠchronic	 ﾠsystemic	 ﾠinflammation.	 ﾠ(Forbes	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠParenteral	 ﾠ
and	 ﾠenteral	 ﾠnutritional	 ﾠtherapies	 ﾠwere	 ﾠsought	 ﾠto	 ﾠrectify	 ﾠthe	 ﾠmalnourishment.	 ﾠThe	 ﾠ
observations	 ﾠthat	 ﾠbowel	 ﾠrest	 ﾠcoupled	 ﾠwith	 ﾠtotal	 ﾠparenteral	 ﾠnutrition	 ﾠand	 ﾠthat	 ﾠa	 ﾠ
defunctioning	 ﾠ ileostomy	 ﾠ proximal	 ﾠ to	 ﾠ the	 ﾠ affected	 ﾠ bowel	 ﾠ segment	 ﾠ result	 ﾠ in	 ﾠ
significant	 ﾠclinical	 ﾠimprovement,	 ﾠled	 ﾠto	 ﾠthe	 ﾠconcept	 ﾠof	 ﾠusing	 ﾠnutrition	 ﾠas	 ﾠa	 ﾠprimary	 ﾠ
therapy.	 ﾠ Indeed	 ﾠ this	 ﾠ was	 ﾠ first	 ﾠ observed	 ﾠ when	 ﾠ a	 ﾠ study	 ﾠ looking	 ﾠ at	 ﾠ preoperative	 ﾠ
feeding	 ﾠshowed	 ﾠan	 ﾠimprovement	 ﾠin	 ﾠclinical	 ﾠdisease	 ﾠstatus	 ﾠin	 ﾠthe	 ﾠenteral	 ﾠsupport	 ﾠ
arm	 ﾠ(Voitk	 ﾠet	 ﾠal.,	 ﾠ1973).	 ﾠ
Enteral	 ﾠfeed	 ﾠis	 ﾠadministered	 ﾠeither	 ﾠorally	 ﾠor	 ﾠvia	 ﾠnasogastric	 ﾠtube	 ﾠand	 ﾠis	 ﾠused	 ﾠin	 ﾠ
preference	 ﾠto	 ﾠthe	 ﾠmore	 ﾠinvasive	 ﾠparenteral	 ﾠfeed,	 ﾠwhich	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠmore	 ﾠ
complications.	 ﾠ Parenteral	 ﾠ feed	 ﾠ is	 ﾠ reserved	 ﾠ for	 ﾠ those	 ﾠ in	 ﾠ whom	 ﾠ enteral	 ﾠ feed	 ﾠ has	 ﾠ
failed	 ﾠor	 ﾠin	 ﾠthose	 ﾠwith	 ﾠpersistent	 ﾠvomiting,	 ﾠsevere	 ﾠstenotic	 ﾠdisease	 ﾠand	 ﾠshort	 ﾠbowel	 ﾠ
syndrome	 ﾠ(Forbes,	 ﾠ2006).	 ﾠ	 ﾠ 29	 ﾠ
Exclusive	 ﾠenteral	 ﾠfeeding	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠimprove	 ﾠmucosal	 ﾠcytokine	 ﾠprofiles	 ﾠ
and	 ﾠto	 ﾠreduce	 ﾠintestinal	 ﾠinflammation	 ﾠ(Bannerjee	 ﾠet	 ﾠal.,	 ﾠ2004,	 ﾠBreese	 ﾠet	 ﾠal.,	 ﾠ1995).	 ﾠ
The	 ﾠdegree	 ﾠof	 ﾠlipid	 ﾠand	 ﾠprotein	 ﾠcontent	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠadjusted	 ﾠwith	 ﾠdemonstrable	 ﾠ
benefits	 ﾠ(Gassull	 ﾠet	 ﾠal.,	 ﾠ2002,	 ﾠAkobeng	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠ
Multiple	 ﾠstudies	 ﾠhave	 ﾠbeen	 ﾠperformed	 ﾠlooking	 ﾠat	 ﾠthe	 ﾠefficacy	 ﾠof	 ﾠenteral	 ﾠfeeding	 ﾠand	 ﾠ
its	 ﾠcomparison	 ﾠto	 ﾠcorticosteroids	 ﾠin	 ﾠthe	 ﾠinduction	 ﾠof	 ﾠremission	 ﾠof	 ﾠCrohn’s	 ﾠdisease.	 ﾠ
Enteral	 ﾠfeeding	 ﾠwas	 ﾠfound	 ﾠto	 ﾠbe	 ﾠless	 ﾠeffective	 ﾠthan	 ﾠcorticosteroids	 ﾠin	 ﾠearly	 ﾠstudies	 ﾠ
(Fernandez-ﾭ‐Banares	 ﾠ et	 ﾠ al.,	 ﾠ 1995,	 ﾠ Messori	 ﾠ et	 ﾠ al.,	 ﾠ 1996,	 ﾠ Griffiths	 ﾠ et	 ﾠ al.,	 ﾠ 1995).	 ﾠ A	 ﾠ
Cochrane	 ﾠ systematic	 ﾠ review	 ﾠ published	 ﾠ in	 ﾠ 2007	 ﾠ also	 ﾠ found	 ﾠ that	 ﾠ corticosteroids	 ﾠ
were	 ﾠ more	 ﾠ effective	 ﾠ than	 ﾠ enteral	 ﾠ feeding	 ﾠ at	 ﾠ inducing	 ﾠ remission	 ﾠ (Zachos	 ﾠ et	 ﾠ al.,	 ﾠ
2007).	 ﾠHowever	 ﾠmany	 ﾠof	 ﾠthe	 ﾠstudies	 ﾠanalysed	 ﾠhad	 ﾠmethodological	 ﾠflaws	 ﾠwith	 ﾠthe	 ﾠ
potential	 ﾠconfounding	 ﾠadministration	 ﾠof	 ﾠother	 ﾠmedications,	 ﾠbut	 ﾠencouragingly	 ﾠa	 ﾠ
remission	 ﾠ rate	 ﾠ with	 ﾠ enteral	 ﾠ feed	 ﾠ of	 ﾠ over	 ﾠ 50%	 ﾠ can	 ﾠ be	 ﾠ expected	 ﾠ and	 ﾠ the	 ﾠ best	 ﾠ
designed	 ﾠstudy	 ﾠfinding	 ﾠa	 ﾠremission	 ﾠrate	 ﾠof	 ﾠ80%	 ﾠwith	 ﾠenteral	 ﾠnutrition	 ﾠ(Gonzalez-ﾭ‐
Huix	 ﾠet	 ﾠal.,	 ﾠ1993).	 ﾠThis	 ﾠsuccess	 ﾠrate	 ﾠis	 ﾠconsiderably	 ﾠhigher	 ﾠthan	 ﾠmost	 ﾠreported	 ﾠ
placebo	 ﾠ effects	 ﾠ looking	 ﾠ at	 ﾠ remission	 ﾠ of	 ﾠ Crohn’s	 ﾠ disease,	 ﾠ (Zachos	 ﾠ et	 ﾠ al.,	 ﾠ 2007).	 ﾠ
However	 ﾠcurrent	 ﾠinternational	 ﾠguidelines	 ﾠin	 ﾠthe	 ﾠmanagement	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠdo	 ﾠ
not	 ﾠrecommend	 ﾠnutritional	 ﾠtherapy	 ﾠas	 ﾠa	 ﾠfirst	 ﾠline	 ﾠtreatment	 ﾠin	 ﾠadults	 ﾠ(Dignass	 ﾠet	 ﾠal.,	 ﾠ
2010).	 ﾠ
In	 ﾠchildren	 ﾠenteral	 ﾠfeeding	 ﾠis	 ﾠalready	 ﾠrecommended	 ﾠas	 ﾠa	 ﾠfirst	 ﾠline	 ﾠtreatment	 ﾠfor	 ﾠ
Crohn’s	 ﾠdisease	 ﾠdue	 ﾠto	 ﾠdemonstrated	 ﾠefficacy	 ﾠ(Day	 ﾠet	 ﾠal.,	 ﾠ2006)	 ﾠand	 ﾠbecause	 ﾠof	 ﾠthe	 ﾠ
obvious	 ﾠ advantages	 ﾠ over	 ﾠ steroids.	 ﾠ Foremost	 ﾠ is	 ﾠ the	 ﾠ lack	 ﾠ of	 ﾠ side	 ﾠ effects	 ﾠ in	 ﾠ
comparison	 ﾠto	 ﾠthe	 ﾠgrowth	 ﾠretardation	 ﾠand	 ﾠosteopaenia	 ﾠassociated	 ﾠwith	 ﾠsteroids.	 ﾠ
Furthermore	 ﾠenteral	 ﾠfeeding	 ﾠcan	 ﾠresult	 ﾠin	 ﾠmucosal	 ﾠhealing	 ﾠwhich	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠ
not	 ﾠto	 ﾠoccur	 ﾠwith	 ﾠcorticosteroid	 ﾠuse	 ﾠ(Travis	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠOne	 ﾠpaediatric	 ﾠstudy	 ﾠof	 ﾠ
enteral	 ﾠfeeding	 ﾠdemonstrated	 ﾠremission	 ﾠrates	 ﾠat	 ﾠ8	 ﾠweeks	 ﾠof	 ﾠ79%	 ﾠ(Fell	 ﾠet	 ﾠal.,	 ﾠ2000)	 ﾠ
and	 ﾠmucosal	 ﾠhealing	 ﾠrates	 ﾠhave	 ﾠbeen	 ﾠreported	 ﾠbetween	 ﾠ44%	 ﾠand	 ﾠ74%	 ﾠ(Borrelli	 ﾠet	 ﾠ
al.,	 ﾠ2006,	 ﾠYamamoto	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠElemental	 ﾠfeed	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠbe	 ﾠhelpful	 ﾠ
in	 ﾠthe	 ﾠmaintenance	 ﾠof	 ﾠremission	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠto	 ﾠaccelerate	 ﾠwithdrawal	 ﾠof	 ﾠ
steroid	 ﾠtherapy	 ﾠ(Akobeng	 ﾠand	 ﾠThomas,	 ﾠ2007,	 ﾠTakagi	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠ
1.6.2.1  Types	 ﾠof	 ﾠenteral	 ﾠfeed	 ﾠ
The	 ﾠmechanism	 ﾠby	 ﾠwhich	 ﾠenteral	 ﾠnutrition	 ﾠimproves	 ﾠdisease	 ﾠactivity	 ﾠin	 ﾠCrohn’s	 ﾠis	 ﾠ
unclear.	 ﾠHypotheses	 ﾠput	 ﾠforward	 ﾠinclude	 ﾠupregulation	 ﾠof	 ﾠthe	 ﾠintestinal	 ﾠimmune	 ﾠ	 ﾠ 30	 ﾠ
system,	 ﾠalteration	 ﾠof	 ﾠthe	 ﾠcommensal	 ﾠmicrobiome,	 ﾠreduction	 ﾠin	 ﾠgut	 ﾠpermeability	 ﾠ
and	 ﾠa	 ﾠdecrease	 ﾠin	 ﾠantigenic	 ﾠload	 ﾠpresented	 ﾠto	 ﾠthe	 ﾠgut	 ﾠmucosa	 ﾠ(O'Morain	 ﾠet	 ﾠal.,	 ﾠ1984,	 ﾠ
Cabre	 ﾠand	 ﾠGassull,	 ﾠ2003).	 ﾠ
Feeds	 ﾠcan	 ﾠbe	 ﾠbroken	 ﾠdown	 ﾠinto	 ﾠtwo	 ﾠtypes,	 ﾠpolymeric	 ﾠand	 ﾠelemental.	 ﾠPolymeric	 ﾠ
feeds	 ﾠ contain	 ﾠ whole	 ﾠ protein	 ﾠ that	 ﾠ is	 ﾠ thought	 ﾠ to	 ﾠ have	 ﾠ high	 ﾠ antigenicity,	 ﾠ and	 ﾠ
elemental	 ﾠfeeds,	 ﾠwhich	 ﾠare	 ﾠamino	 ﾠacid-ﾭ‐based	 ﾠand	 ﾠare	 ﾠthought	 ﾠto	 ﾠbe	 ﾠless	 ﾠantigenic.	 ﾠ
However	 ﾠmany	 ﾠstudies	 ﾠhave	 ﾠbeen	 ﾠperformed	 ﾠto	 ﾠtest	 ﾠthis	 ﾠand	 ﾠthere	 ﾠis	 ﾠno	 ﾠconvincing	 ﾠ
evidence	 ﾠthat	 ﾠshows	 ﾠany	 ﾠdifference	 ﾠin	 ﾠefficacy	 ﾠof	 ﾠremission	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠtypes	 ﾠ
(Gonzalez-ﾭ‐Huix	 ﾠet	 ﾠal.,	 ﾠ1993,	 ﾠMessori	 ﾠet	 ﾠal.,	 ﾠ1996).	 ﾠOne	 ﾠstudy	 ﾠdid	 ﾠshow	 ﾠpolymeric	 ﾠ
preparations	 ﾠto	 ﾠbe	 ﾠmore	 ﾠeffective	 ﾠin	 ﾠweight	 ﾠgain	 ﾠ(Ludvigsson	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ
The	 ﾠeffect	 ﾠof	 ﾠdifferent	 ﾠlipid	 ﾠcompositions	 ﾠof	 ﾠenteral	 ﾠfeed	 ﾠwas	 ﾠalso	 ﾠanalysed	 ﾠwithin	 ﾠ
the	 ﾠ Cochrane	 ﾠ Review	 ﾠ (Zachos	 ﾠ et	 ﾠ al.,	 ﾠ 2007).	 ﾠ No	 ﾠ difference	 ﾠ in	 ﾠ efficacy	 ﾠ was	 ﾠ seen	 ﾠ
between	 ﾠ high	 ﾠ fat	 ﾠ (>20g/1000kcal)	 ﾠ and	 ﾠ low	 ﾠ fat	 ﾠ (<20g/1000kcal)	 ﾠ but	 ﾠ a	 ﾠ non-ﾭ‐
statistically	 ﾠ significant	 ﾠ trend	 ﾠ was	 ﾠ seen	 ﾠ towards	 ﾠ very	 ﾠ low	 ﾠ fat	 ﾠ formulas	 ﾠ
(<3g/1000kcal).	 ﾠA	 ﾠtrend	 ﾠwas	 ﾠalso	 ﾠseen	 ﾠtowards	 ﾠvery	 ﾠlow	 ﾠlong	 ﾠchain	 ﾠtriglyceride	 ﾠ
(LCT)	 ﾠcontent	 ﾠ(<5%).	 ﾠConversely	 ﾠrelapse	 ﾠrates	 ﾠwere	 ﾠshown	 ﾠto	 ﾠbe	 ﾠhigher	 ﾠin	 ﾠpatients	 ﾠ
with	 ﾠhigh	 ﾠversus	 ﾠlow	 ﾠLCT	 ﾠcontent	 ﾠelemental	 ﾠfeed	 ﾠ(Bamba	 ﾠet	 ﾠal.,	 ﾠ2003)	 ﾠ
	 ﾠ
1.7  Mesenteric	 ﾠFat,	 ﾠLipids,	 ﾠand	 ﾠCrohn’s	 ﾠDisease	 ﾠ
1.7.1  Lipids	 ﾠand	 ﾠcellular	 ﾠphysiology	 ﾠ
A	 ﾠ fatty	 ﾠ acid	 ﾠ is	 ﾠ a	 ﾠ carboxylic	 ﾠ acid	 ﾠ with	 ﾠ a	 ﾠ long	 ﾠ aliphatic	 ﾠ chain	 ﾠ which	 ﾠ is	 ﾠ either	 ﾠ
unsaturated	 ﾠor	 ﾠsaturated.	 ﾠMost	 ﾠnaturally	 ﾠoccurring	 ﾠfatty	 ﾠacids	 ﾠusually	 ﾠhave	 ﾠan	 ﾠeven	 ﾠ
number	 ﾠof	 ﾠcarbon	 ﾠatoms	 ﾠin	 ﾠthe	 ﾠchain	 ﾠbetween	 ﾠ4	 ﾠto	 ﾠ28	 ﾠand	 ﾠare	 ﾠusually	 ﾠderived	 ﾠfrom	 ﾠ
phospholipids	 ﾠor	 ﾠtriglycerides.	 ﾠWhen	 ﾠnot	 ﾠbound	 ﾠto	 ﾠother	 ﾠmolecules	 ﾠthey	 ﾠare	 ﾠcalled	 ﾠ
‘free’	 ﾠfatty	 ﾠacids.	 ﾠFatty	 ﾠacids	 ﾠwhen	 ﾠmetabolised	 ﾠyield	 ﾠlarge	 ﾠquantities	 ﾠof	 ﾠadenosine	 ﾠ
triphosphate	 ﾠand	 ﾠso	 ﾠare	 ﾠan	 ﾠimportant	 ﾠdietary	 ﾠsource	 ﾠof	 ﾠenergy.	 ﾠIf	 ﾠthere	 ﾠis	 ﾠa	 ﾠdouble	 ﾠ
bond	 ﾠbetween	 ﾠcarbon	 ﾠatoms	 ﾠthen	 ﾠa	 ﾠfatty	 ﾠacid	 ﾠis	 ﾠtermed	 ﾠunsaturated	 ﾠand	 ﾠif	 ﾠthere	 ﾠ
are	 ﾠ no	 ﾠ double	 ﾠ bonds	 ﾠ the	 ﾠ fatty	 ﾠ acid	 ﾠ is	 ﾠ termed	 ﾠ saturated.	 ﾠ Fatty	 ﾠ acids	 ﾠ are	 ﾠ also	 ﾠ
subclassified	 ﾠin	 ﾠrelation	 ﾠto	 ﾠthe	 ﾠlength	 ﾠof	 ﾠthe	 ﾠchain.	 ﾠ
•  Short-ﾭ‐chain	 ﾠfatty	 ﾠacids	 ﾠhave	 ﾠchains	 ﾠwith	 ﾠfewer	 ﾠthan	 ﾠ6	 ﾠcarbon	 ﾠatoms	 ﾠ
•  Medium-ﾭ‐chain	 ﾠfatty	 ﾠacids	 ﾠhave	 ﾠchains	 ﾠbetween	 ﾠ6-ﾭ‐12	 ﾠcarbons	 ﾠand	 ﾠcan	 ﾠform	 ﾠ
medium	 ﾠchain	 ﾠtriglycerides.	 ﾠ	 ﾠ 31	 ﾠ
•  Long-ﾭ‐chain	 ﾠfatty	 ﾠacids	 ﾠcontain	 ﾠchains	 ﾠbetween	 ﾠ13-ﾭ‐21	 ﾠcarbons.	 ﾠ
•  Very	 ﾠlong-ﾭ‐chain	 ﾠfatty	 ﾠacids	 ﾠcontain	 ﾠchains	 ﾠof	 ﾠ22	 ﾠcarbons	 ﾠor	 ﾠlonger. 
 
As	 ﾠ mentioned	 ﾠ above	 ﾠ unsaturated	 ﾠ fatty	 ﾠ acids	 ﾠ have	 ﾠ one	 ﾠ or	 ﾠ more	 ﾠ double	 ﾠ bonds	 ﾠ
between	 ﾠcarbon	 ﾠatoms.	 ﾠThe	 ﾠtwo	 ﾠcarbon	 ﾠatoms	 ﾠeither	 ﾠside	 ﾠof	 ﾠthe	 ﾠdouble	 ﾠbond	 ﾠcan	 ﾠ
lie	 ﾠ in	 ﾠ either	 ﾠ a	 ﾠ cis	 ﾠ or	 ﾠ trans	 ﾠ configuration.	 ﾠ A	 ﾠ cis	 ﾠ configuration	 ﾠ causes	 ﾠ the	 ﾠ two	 ﾠ
hydrogen	 ﾠatoms	 ﾠadjacent	 ﾠto	 ﾠthe	 ﾠcarbon	 ﾠdouble	 ﾠbond	 ﾠto	 ﾠextend	 ﾠout	 ﾠon	 ﾠthe	 ﾠsame	 ﾠ
side	 ﾠof	 ﾠthe	 ﾠchain	 ﾠcausing	 ﾠit	 ﾠto	 ﾠbend	 ﾠand	 ﾠrestricting	 ﾠthe	 ﾠconformational	 ﾠfreedom	 ﾠof	 ﾠ
the	 ﾠfatty	 ﾠacid.	 ﾠThe	 ﾠmore	 ﾠcis	 ﾠdouble	 ﾠbonds	 ﾠthe	 ﾠless	 ﾠflexibility	 ﾠin	 ﾠthe	 ﾠchain	 ﾠand	 ﾠthe	 ﾠ
greater	 ﾠ the	 ﾠ bend	 ﾠ or	 ﾠ curve	 ﾠ in	 ﾠ the	 ﾠ molecule.	 ﾠ The	 ﾠ effect	 ﾠ of	 ﾠ cis	 ﾠbonds	 ﾠ is	 ﾠ that	 ﾠ in	 ﾠ a	 ﾠ
restricted	 ﾠ environment	 ﾠ such	 ﾠ as	 ﾠ part	 ﾠ of	 ﾠ a	 ﾠ phospholipid	 ﾠ in	 ﾠ a	 ﾠ lipid	 ﾠ bilayer	 ﾠ or	 ﾠ
triglyceride	 ﾠ in	 ﾠ a	 ﾠ lipid	 ﾠ droplet,	 ﾠ they	 ﾠ limit	 ﾠ the	 ﾠ ability	 ﾠ of	 ﾠ fatty	 ﾠ acids	 ﾠ to	 ﾠ be	 ﾠ closely	 ﾠ
aligned	 ﾠand	 ﾠcan	 ﾠaffect	 ﾠthe	 ﾠmelting	 ﾠtemperature	 ﾠof	 ﾠthe	 ﾠmembrane	 ﾠor	 ﾠfat.	 ﾠA	 ﾠtrans	 ﾠ
configuration	 ﾠmeans	 ﾠthat	 ﾠthe	 ﾠadjacent	 ﾠ2	 ﾠhydrogen	 ﾠatoms	 ﾠlie	 ﾠon	 ﾠopposite	 ﾠsides	 ﾠof	 ﾠ
the	 ﾠchain	 ﾠand	 ﾠdo	 ﾠnot	 ﾠcause	 ﾠthe	 ﾠchain	 ﾠto	 ﾠbend.	 ﾠMost	 ﾠtrans	 ﾠfats	 ﾠdo	 ﾠnot	 ﾠoccur	 ﾠnaturally	 ﾠ
and	 ﾠare	 ﾠthe	 ﾠresult	 ﾠof	 ﾠhuman	 ﾠprocessing.	 ﾠThe	 ﾠdifference	 ﾠin	 ﾠgeometry	 ﾠof	 ﾠfatty	 ﾠacids	 ﾠ
both	 ﾠsaturated	 ﾠand	 ﾠunsaturated,	 ﾠplays	 ﾠan	 ﾠimportant	 ﾠrole	 ﾠin	 ﾠbiological	 ﾠprocesses	 ﾠ
and	 ﾠin	 ﾠconstruction	 ﾠof	 ﾠbiological	 ﾠstructures	 ﾠsuch	 ﾠas	 ﾠcell	 ﾠmembranes.	 ﾠ
	 ﾠ
There	 ﾠare	 ﾠseveral	 ﾠdifferent	 ﾠsystems	 ﾠof	 ﾠnomenclature	 ﾠused	 ﾠfor	 ﾠfatty	 ﾠacids.	 ﾠThey	 ﾠmay	 ﾠ
have	 ﾠa	 ﾠcommon	 ﾠhistorical	 ﾠname,	 ﾠe.g.	 ﾠsapienic	 ﾠacid	 ﾠor	 ﾠa	 ﾠsystematic	 ﾠname	 ﾠderived	 ﾠ
from	 ﾠ the	 ﾠ International	 ﾠ Union	 ﾠ of	 ﾠ Pure	 ﾠ and	 ﾠ Applied	 ﾠ Chemistry	 ﾠ rules	 ﾠ for	 ﾠ the	 ﾠ
nomenclature	 ﾠof	 ﾠorganic	 ﾠchemistry.	 ﾠCounting	 ﾠcommences	 ﾠfrom	 ﾠthe	 ﾠcarboxylic	 ﾠacid	 ﾠ
end.	 ﾠ Double	 ﾠ bonds	 ﾠ are	 ﾠ labelled	 ﾠ with	 ﾠ cis-ﾭ‐/trans-ﾭ‐	 ﾠ notation	 ﾠ or	 ﾠ E-ﾭ‐/Z-ﾭ‐	 ﾠ notation,	 ﾠ e.g.	 ﾠ
(9Z)-ﾭ‐octadecenoic	 ﾠacid.	 ﾠIn	 ﾠΔx	 ﾠnomenclature,	 ﾠthe	 ﾠdouble	 ﾠbond	 ﾠis	 ﾠdesignated	 ﾠby	 ﾠΔx,	 ﾠ
where	 ﾠ the	 ﾠ double	 ﾠ bond	 ﾠ is	 ﾠ located	 ﾠ on	 ﾠ the	 ﾠ xth	 ﾠ carbon–carbon	 ﾠ bond	 ﾠ from	 ﾠ the	 ﾠ
carboxylic	 ﾠacid	 ﾠend.	 ﾠA	 ﾠcis-ﾭ‐	 ﾠor	 ﾠtrans-ﾭ‐	 ﾠprefix	 ﾠbefore	 ﾠeach	 ﾠdouble-ﾭ‐bond	 ﾠspecifies	 ﾠthe	 ﾠ
configuration	 ﾠof	 ﾠthe	 ﾠmolecule	 ﾠaround	 ﾠthe	 ﾠbond.	 ﾠFor	 ﾠexample	 ﾠlinoleic	 ﾠacid	 ﾠis	 ﾠtermed	 ﾠ
cis-ﾭ‐Δ9,	 ﾠ cis-ﾭ‐Δ12	 ﾠ octadecadienoic	 ﾠ acid.  N−x	 ﾠ (n	 ﾠ minus	 ﾠ x;	 ﾠ also	 ﾠ ω−x	 ﾠ or	 ﾠ omega-ﾭ‐x)	 ﾠ
terminology	 ﾠboth	 ﾠbestows	 ﾠnames	 ﾠfor	 ﾠspecific	 ﾠcompounds	 ﾠand	 ﾠorganises	 ﾠthem	 ﾠby	 ﾠ
their	 ﾠ likely	 ﾠ biosynthetic	 ﾠ characteristics	 ﾠ in	 ﾠ animals.	 ﾠ When	 ﾠ counting	 ﾠ from	 ﾠ the	 ﾠ
terminal	 ﾠmethyl	 ﾠcarbon	 ﾠ(designated	 ﾠas	 ﾠn	 ﾠor	 ﾠω),	 ﾠtowards	 ﾠthe	 ﾠcarbonyl	 ﾠcarbon,	 ﾠthe	 ﾠ
double	 ﾠbond	 ﾠis	 ﾠpositioned	 ﾠat	 ﾠthe	 ﾠxth	 ﾠcarbon–carbon	 ﾠbond.	 ﾠFor	 ﾠexample,	 ﾠα-ﾭ‐Linolenic	 ﾠ	 ﾠ 32	 ﾠ
acid	 ﾠis	 ﾠclassified	 ﾠas	 ﾠa	 ﾠn−3	 ﾠor	 ﾠomega-ﾭ‐3	 ﾠfatty	 ﾠacid,	 ﾠand	 ﾠso	 ﾠit	 ﾠis	 ﾠexpected	 ﾠto	 ﾠshare	 ﾠ
biosynthetic	 ﾠ properties	 ﾠ with	 ﾠ other	 ﾠ fatty	 ﾠ acids	 ﾠ of	 ﾠ this	 ﾠ type.	 ﾠ In	 ﾠ mainstream	 ﾠ
nutritional	 ﾠ literature	 ﾠ the	 ﾠ omega-ﾭ‐x	 ﾠ notation	 ﾠ is	 ﾠ popular	 ﾠ but	 ﾠ n−x	 ﾠ notation	 ﾠ is	 ﾠ
preferable	 ﾠin	 ﾠtechnical	 ﾠdocuments.	 ﾠLipid	 ﾠnumbers	 ﾠnomenclature	 ﾠtakes	 ﾠthe	 ﾠform	 ﾠ
C:D,	 ﾠwhere	 ﾠC	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcarbon	 ﾠatoms	 ﾠin	 ﾠthe	 ﾠfatty	 ﾠacid	 ﾠand	 ﾠD	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
double	 ﾠbonds	 ﾠin	 ﾠthe	 ﾠfatty	 ﾠacid.	 ﾠThis	 ﾠnotation	 ﾠcan	 ﾠbe	 ﾠconfusing,	 ﾠas	 ﾠthere	 ﾠare	 ﾠmany	 ﾠ
different	 ﾠfatty	 ﾠacids	 ﾠthat	 ﾠhave	 ﾠthe	 ﾠsame	 ﾠnumbers.	 ﾠ
 
Table	 ﾠ2	 ﾠCommon	 ﾠexamples	 ﾠof	 ﾠunsaturated	 ﾠfats.	 ﾠ
Common	 ﾠ
name	 ﾠ
Chemical	 ﾠstructure	 ﾠ Δx	 ﾠ C:D	 ﾠ n−x	 ﾠ
Myristoleic	 ﾠ
acid	 ﾠ CH3(CH2)3CH=CH(CH2)7COOH	 ﾠ cis-ﾭ‐Δ9	 ﾠ 14:1	 ﾠ n−5	 ﾠ
Palmitoleic	 ﾠ
acid	 ﾠ CH3(CH2)5CH=CH(CH2)7COOH	 ﾠ cis-ﾭ‐Δ9	 ﾠ 16:1	 ﾠ n−7	 ﾠ
Sapienic	 ﾠ
acid	 ﾠ
CH3(CH2)8CH=CH(CH2)4COOH	 ﾠ cis-ﾭ‐Δ6	 ﾠ 16:1	 ﾠ n−10	 ﾠ
Oleic	 ﾠacid	 ﾠ
	 ﾠ
CH3(CH2)7CH=CH(CH2)7COOH	 ﾠ cis-ﾭ‐Δ9	 ﾠ 18:1	 ﾠ n−9	 ﾠ
Elaidic	 ﾠacid	 ﾠ
	 ﾠ CH3(CH2)7CH=CH(CH2)7COOH	 ﾠ trans-ﾭ‐Δ9	 ﾠ 18:1	 ﾠ n−9	 ﾠ
Vaccenic	 ﾠ
acid	 ﾠ CH3(CH2)5CH=CH(CH2)9COOH	 ﾠ trans-ﾭ‐Δ11	 ﾠ 18:1	 ﾠ n−7	 ﾠ
Linoleic	 ﾠ






















Δ5,Δ8,Δ11,Δ14,Δ17	 ﾠ 20:5	 ﾠ n−3	 ﾠ
Erucic	 ﾠacid	 ﾠ
	 ﾠ









22:6	 ﾠ n−3	 ﾠ
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Table	 ﾠ3	 ﾠExamples	 ﾠof	 ﾠcommon	 ﾠsaturated	 ﾠfats	 ﾠ
Common	 ﾠname	 ﾠ Chemical	 ﾠstructure	 ﾠ C:D	 ﾠ
Caprylic	 ﾠacid	 ﾠ CH3(CH2)6COOH	 ﾠ 8:0	 ﾠ
Capric	 ﾠacid	 ﾠ CH3(CH2)8COOH	 ﾠ 10:0	 ﾠ
Lauric	 ﾠacid	 ﾠ CH3(CH2)10COOH	 ﾠ 12:0	 ﾠ
Myristic	 ﾠacid	 ﾠ CH3(CH2)12COOH	 ﾠ 14:0	 ﾠ
Palmitic	 ﾠacid	 ﾠ CH3(CH2)14COOH	 ﾠ 16:0	 ﾠ
Stearic	 ﾠacid	 ﾠ CH3(CH2)16COOH	 ﾠ 18:0	 ﾠ
Arachidic	 ﾠacid	 ﾠ CH3(CH2)18COOH	 ﾠ 20:0	 ﾠ
Behenic	 ﾠacid	 ﾠ CH3(CH2)20COOH	 ﾠ 22:0	 ﾠ
Lignoceric	 ﾠacid	 ﾠ CH3(CH2)22COOH	 ﾠ 24:0	 ﾠ
Cerotic	 ﾠacid	 ﾠ CH3(CH2)24COOH	 ﾠ 26:0	 ﾠ
	 ﾠ
Essential	 ﾠfatty	 ﾠacids	 ﾠare	 ﾠthose	 ﾠrequired	 ﾠby	 ﾠthe	 ﾠhuman	 ﾠbody	 ﾠbut	 ﾠwhich	 ﾠcannot	 ﾠbe	 ﾠ
made	 ﾠin	 ﾠsufficient	 ﾠquantity	 ﾠfrom	 ﾠother	 ﾠsubstrates	 ﾠand	 ﾠso	 ﾠmust	 ﾠbe	 ﾠobtained	 ﾠfrom	 ﾠ
food.	 ﾠFatty	 ﾠacids	 ﾠare	 ﾠrequired	 ﾠfor	 ﾠoxidation	 ﾠfor	 ﾠenergy	 ﾠand	 ﾠto	 ﾠform	 ﾠphospholipids	 ﾠ
in	 ﾠcell	 ﾠmembranes.	 ﾠMost	 ﾠfatty	 ﾠacids	 ﾠcan	 ﾠenter	 ﾠthe	 ﾠKrebs	 ﾠcycle	 ﾠand	 ﾠbe	 ﾠoxidized	 ﾠfor	 ﾠ
energy	 ﾠor	 ﾠstored	 ﾠas	 ﾠtriacylglycerols.	 ﾠSpecific	 ﾠfatty	 ﾠacids	 ﾠare	 ﾠprecursors	 ﾠfor	 ﾠsignal	 ﾠ
molecules.	 ﾠMost	 ﾠnon-ﾭ‐esterified	 ﾠfatty	 ﾠacids	 ﾠare	 ﾠtoo	 ﾠstrong	 ﾠacids	 ﾠto	 ﾠexist	 ﾠin	 ﾠa	 ﾠ‘free’	 ﾠ
form	 ﾠ and	 ﾠ so	 ﾠ are	 ﾠ predominantly	 ﾠ either	 ﾠ bound	 ﾠ to	 ﾠ albumin	 ﾠ or	 ﾠ are	 ﾠ within	 ﾠ
phospholipids	 ﾠand	 ﾠtriacylglycerols.	 ﾠIn	 ﾠwell-ﾭ‐fed	 ﾠhumans	 ﾠmost	 ﾠfatty	 ﾠacids	 ﾠare	 ﾠderived	 ﾠ
from	 ﾠdiet	 ﾠrather	 ﾠthan	 ﾠsynthesised	 ﾠde	 ﾠnovo	 ﾠso	 ﾠdiffer	 ﾠbetween	 ﾠindividuals	 ﾠdepending	 ﾠ
on	 ﾠdiet,	 ﾠhabitat	 ﾠand	 ﾠculture.	 ﾠ	 ﾠ
The	 ﾠ term	 ﾠ omega-ﾭ‐3	 ﾠ (ω-ﾭ‐3	 ﾠ or	 ﾠ n-ﾭ‐3)	 ﾠ is	 ﾠ the	 ﾠ structural	 ﾠ descriptor	 ﾠ for	 ﾠ a	 ﾠ family	 ﾠ of	 ﾠ
polyunsaturated	 ﾠ fatty	 ﾠ acids	 ﾠ (PUFAs).	 ﾠ As	 ﾠ mentioned	 ﾠ above	 ﾠ n-ﾭ‐3	 ﾠ indicates	 ﾠ the	 ﾠ
position	 ﾠof	 ﾠthe	 ﾠdouble	 ﾠbond	 ﾠthat	 ﾠis	 ﾠclosest	 ﾠto	 ﾠthe	 ﾠmethyl	 ﾠterminus	 ﾠof	 ﾠthe	 ﾠacyl	 ﾠchain	 ﾠ
of	 ﾠthe	 ﾠfatty	 ﾠacid.	 ﾠAll	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠhave	 ﾠthe	 ﾠdouble	 ﾠbond	 ﾠon	 ﾠcarbon	 ﾠnumber	 ﾠ3	 ﾠwhere	 ﾠ
the	 ﾠmethyl	 ﾠcarbon	 ﾠis	 ﾠnumber	 ﾠone.	 ﾠ	 ﾠThe	 ﾠsimplest	 ﾠn-ﾭ‐3	 ﾠfatty	 ﾠacid	 ﾠis	 ﾠa	 ﾠα-ﾭ‐linolenic	 ﾠacid,	 ﾠ
which	 ﾠis	 ﾠsynthesised	 ﾠfrom	 ﾠthe	 ﾠn-ﾭ‐6	 ﾠfatty	 ﾠacid	 ﾠlinoleic	 ﾠacid	 ﾠby	 ﾠdesaturation,	 ﾠcatalyzed	 ﾠ
by	 ﾠdelta-ﾭ‐15	 ﾠdesaturase.	 ﾠHumans	 ﾠand	 ﾠall	 ﾠanimals	 ﾠdo	 ﾠnot	 ﾠpossess	 ﾠthis	 ﾠenzyme	 ﾠand	 ﾠso	 ﾠ
are	 ﾠ unable	 ﾠ to	 ﾠ synthesise	 ﾠ α-ﾭ‐linolenic	 ﾠ acid.	 ﾠ Plants	 ﾠ however	 ﾠ do	 ﾠ possess	 ﾠ delta-ﾭ‐15	 ﾠ
desaturase	 ﾠ and	 ﾠ so	 ﾠ are	 ﾠ able	 ﾠ to	 ﾠ synthesize	 ﾠ α-ﾭ‐linolenic	 ﾠ acid.	 ﾠ Animals	 ﾠ can	 ﾠ only	 ﾠ
metabolise	 ﾠ it	 ﾠ by	 ﾠ further	 ﾠ desaturation	 ﾠ and	 ﾠ elongation,	 ﾠ which	 ﾠ ultimately	 ﾠ yields	 ﾠ	 ﾠ 34	 ﾠ
eicosapentaenoic	 ﾠacid	 ﾠ(EPA)	 ﾠand	 ﾠthen	 ﾠdocosahexanoic	 ﾠacid	 ﾠ(DHA).	 ﾠOf	 ﾠnote	 ﾠis	 ﾠthat	 ﾠ
the	 ﾠ conversion	 ﾠ of	 ﾠ n-ﾭ‐3	 ﾠ a-ﾭ‐linoleic	 ﾠ acid	 ﾠ to	 ﾠ EPA	 ﾠ is	 ﾠ in	 ﾠ direct	 ﾠ competition	 ﾠ with	 ﾠ the	 ﾠ
conversion	 ﾠof	 ﾠn-ﾭ‐6	 ﾠlinoleic	 ﾠacid	 ﾠto	 ﾠarachidonic	 ﾠacid	 ﾠsince	 ﾠthe	 ﾠsame	 ﾠenzymes	 ﾠare	 ﾠused.	 ﾠ




Figure	 ﾠ2	 ﾠThe	 ﾠconversion	 ﾠof	 ﾠessential	 ﾠn-ﾭ‐6	 ﾠand	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠto	 ﾠtheir	 ﾠlonger	 ﾠchain,	 ﾠmore	 ﾠ
unsaturated	 ﾠderivatives	 ﾠ(Calder,	 ﾠ2013)	 ﾠ
	 ﾠ
The	 ﾠ predominant	 ﾠ n-ﾭ‐6	 ﾠ PUFA	 ﾠ found	 ﾠ in	 ﾠ the	 ﾠ Western	 ﾠ diet	 ﾠ is	 ﾠ linoleic	 ﾠ acid	 ﾠ and	 ﾠ is	 ﾠ
typically	 ﾠconsumed	 ﾠin	 ﾠ5	 ﾠto	 ﾠ20-ﾭ‐fold	 ﾠgreater	 ﾠamounts	 ﾠthan	 ﾠα-ﾭ‐linolenic	 ﾠacid	 ﾠ{British	 ﾠ
Nutrition	 ﾠFoundation.	 ﾠBriefing	 ﾠPaper:	 ﾠN-ﾭ‐3	 ﾠFatty	 ﾠAcids	 ﾠand	 ﾠHealth.	 ﾠLondon:	 ﾠBritish	 ﾠ
Nutrition	 ﾠ Foundation,	 ﾠ 1999}.	 ﾠ 	 ﾠ The	 ﾠ linoleic	 ﾠ acid	 ﾠ is	 ﾠ converted	 ﾠ within	 ﾠ humans	 ﾠ to	 ﾠ
arachidonic	 ﾠ acid,	 ﾠ which	 ﾠ is	 ﾠ the	 ﾠ antecedent	 ﾠ to	 ﾠ many	 ﾠ lipid-ﾭ‐signalling	 ﾠ molecules	 ﾠ
involved	 ﾠin	 ﾠinflammatory	 ﾠpathways	 ﾠcalled	 ﾠeicosanoids,	 ﾠincluding	 ﾠprostaglandins,	 ﾠ
thromboxanes	 ﾠ and	 ﾠ leukotrienes.	 ﾠ Prostaglandins	 ﾠ are	 ﾠ synthesised	 ﾠ though	 ﾠ the	 ﾠ
cyclooxygenase-ﾭ‐1	 ﾠ(COX-ﾭ‐1)	 ﾠand	 ﾠCOX-ﾭ‐2	 ﾠenzymes.	 ﾠLeukotrienes	 ﾠare	 ﾠproduced	 ﾠby	 ﾠthe	 ﾠ
a-linolenic acid, and so metabolism of n-6 fatty acids is
quantitatively the more important. The activities of
delta-6 and delta-5 desaturases are regulated by nutri-
tional status,hormones and by feedback inhibition by end
products. The pathway for conversion of EPA to docosa-
hexaenoic acid (22:6n-3;known as DHA) involves addition
of two carbons to EPA to form docosapentaenoic acid
(22:5n-3; known as DPA), addition of two further carbons
to produce 24:5n-3,desaturation at the delta-6 position to
form 24:6n-3, translocation of 24:6n-3 from the endoplas-
mic reticulum to peroxisomes where two carbons are
removed by limited b-oxidation to yield DHA (summa-
rized in Figure 1). Short term studies with isotopically-
labelled a-linolenic acid and long term studies using
signiﬁcantly increased intakes of a-linolenic acid have
demonstrated that the conversion to EPA,DPA and DHA is
generally poor in humans,with very limited conversion all
the way to DHA being observed [5, 6]. EPA, DPA and DHA
are found in signiﬁcant quantities in ﬁsh (see below), and
so in this article these three fatty acids are collectively
referred to as marine n-3 PUFAs.
Because a-linolenic acid is produced in plants, green
leaves and some plant oils,nuts and seeds contain moder-
ate to high amounts of it and usually a-linolenic acid is the
major n-3 fatty acid consumed in most human diets [7].
However, the main PUFA in most Western diets is the n-6
linoleic acid which is typically consumed in 5 to 20-fold
greater amounts than a-linolenic acid [7]. Seafoods are a
good source of marine n-3 PUFAs [7].These fatty acids are
found in the ﬂesh of both lean and oily ﬁsh, with much
greateramountsinthelatter,andintheliversofsomelean
ﬁsh(e.g.cod).Inpeoplewhoeatlittleﬁsh,intakesofmarine
n-3 PUFAs are low (typically <0.2 g day
–1 [7] and probably
much lower than this [8]).A single lean ﬁsh meal (e.g.one
serving of cod) could provide about 0.2 to 0.3 g of marine
n-3fattyacids,whileasingleoilyﬁshmeal(e.g.oneserving
of salmon or mackerel) could provide 1.5 to 3.0 g of these
fatty acids. Fish oil is prepared from the ﬂesh of oily ﬁsh
(e.g.tuna) or from the livers of lean ﬁsh (e.g.cod liver).In a
typical ﬁsh oil supplement EPA and DHA together com-
priseabout30%ofthefattyacidspresent,sothata1 gﬁsh
oilcapsulewillprovideabout0.3 gofEPA+DHA.However,
the amount of n-3 fatty acids can vary between ﬁsh oils,as
can the relative proportions of the individual marine n-3
PUFAs.Encapsulatedoilpreparationsthatcontainn-3fatty
acidsinhigheramountsthanfoundinstandardﬁshoilsare
available (‘ﬁsh oil concentrates’). In ﬁsh oil capsules the
fatty acids are usually present in the form of triacylglycer-
ols.However,marinen-3fattyacidsarealsoavailableinthe
phospholipidform(e.g.inkrilloil)andasethylesters(e.g.in
the highly concentrated pharmaceutical preparation
Omacor® (Pronova Biocare, Lysaker, Norway), known
as Lovaza® (GlaxoSmithKline, St Petersberg, FL, USA) in
North America).
Arachidonic acid (20:4n-6)
Dihomo-g-linolenic acid (20:3n-6) Eicosatetraenoic acid (20:4n-3)
Eicosapentaenoic acid (EPA; 20:5n-3)















The conversion of plant essential n-6 and n-3 polyunsaturated fatty acids to their longer chain,more unsaturated derivatives.DHA,docosahexaenoic acid;
EPA,eicosapentaenoic acid
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lipooxygenases	 ﾠ(LOX).	 ﾠThese	 ﾠenzymes	 ﾠmetabolise	 ﾠn-ﾭ‐3	 ﾠPUFA,	 ﾠEPA,	 ﾠto	 ﾠprostacyclins,	 ﾠ
lipoxins	 ﾠand	 ﾠepoxy-ﾭ‐eicosatrienoic	 ﾠacids	 ﾠthat	 ﾠare	 ﾠless	 ﾠpro-ﾭ‐inflammatory	 ﾠthan	 ﾠthose	 ﾠ
produced	 ﾠfrom	 ﾠn-ﾭ‐6	 ﾠPUFAs	 ﾠ(Harris	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠThe	 ﾠrelative	 ﾠbalance	 ﾠof	 ﾠn-ﾭ‐3	 ﾠto	 ﾠn-ﾭ‐6	 ﾠ
PUFAs	 ﾠwill	 ﾠchange	 ﾠthe	 ﾠamounts	 ﾠof	 ﾠeicosenoids	 ﾠsynthesised	 ﾠand	 ﾠalter	 ﾠthe	 ﾠresulting	 ﾠ
degree	 ﾠof	 ﾠinflammation.	 ﾠN-ﾭ‐3	 ﾠPUFAs	 ﾠhave	 ﾠmany	 ﾠanti-ﾭ‐inflammatory	 ﾠeffects	 ﾠincluding	 ﾠ
decreased	 ﾠ chemotaxis	 ﾠ of	 ﾠ leucocytes,	 ﾠ decreased	 ﾠ levels	 ﾠ of	 ﾠ adhesion	 ﾠ molecules,	 ﾠ
reduced	 ﾠ potent	 ﾠ eicosanoid	 ﾠ production,	 ﾠ increased	 ﾠ weak	 ﾠ eicosanoid	 ﾠ production,	 ﾠ
increased	 ﾠresolvin	 ﾠproduction,	 ﾠdecreased	 ﾠinflammatory	 ﾠcytokine	 ﾠproduction	 ﾠand	 ﾠ
reduced	 ﾠT-ﾭ‐cell	 ﾠproliferation.	 ﾠThe	 ﾠmechanisms	 ﾠinvolved	 ﾠare	 ﾠlisted	 ﾠin	 ﾠTable	 ﾠ4.	 ﾠ
	 ﾠ
	 ﾠ
Table	 ﾠ4.	 ﾠA	 ﾠsummary	 ﾠof	 ﾠthe	 ﾠanti-ﾭ‐inflammatory	 ﾠactions	 ﾠof	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠand	 ﾠthe	 ﾠlikely	 ﾠ
mechanisms	 ﾠ(Calder,	 ﾠ2013)	 ﾠ
	 ﾠ
decreased production of TNF-a, IL-1b and IL-6 by
endotoxin-stimulated macrophages [35, 86, 87] and
decreased circulatingTNF-a,IL-1b and IL-6 concentrations
in mice injected with endotoxin [88]. Several studies pro-
viding ﬁsh oil supplements to healthy human volunteers
have reported decreased production of TNF-a, IL-1b and
IL-6 by endotoxin-stimulated monocytes or mononuclear
cells [14, 37, 39, 40], although not all studies conﬁrm this
effect [9].Some of the studies that fail to show an effect of
marine n-3 PUFAs on cytokine production have provided
<2 g EPA + DHA day
–1, which may be an insufﬁcient dose.
In patients with RA, ﬁsh oil supplements resulted in
decreased IL-1 production by monocytes [89], decreased
plasma IL-1b concentrations [90] and decreased serum
TNF-a concentrations [91].




studies with fairly high amounts of ﬁsh oil, EPA or DHA,
have also reported reduced T cell proliferative responses
[96–98]. Studies in humans are less consistent, although
some studies have shown that increased intake of marine
n-3PUFAsdecreaseshumanTcellproliferation[37,99]and
IL-2 production [37]. One reason for this may be an insuf-
ﬁcient dose of n-3 PUFAs provided in some studies, but
that does not explain all the inconsistency [9].
Omega-3 (n-3) fatty acids and
inﬂammatory processes –
mechanisms involved
The previous section summarized studies that show that,
at a sufﬁciently high dose,marine n-3 PUFAs exert a range
of anti-inﬂammatory actions including decreased adhe-
sion molecule expression and adhesive interactions
between leucocytes and endothelial cells, a decreased
chemotactic response of leucocytes, decreased produc-
tion of eicosanoids from arachidonic acid, increased pro-
duction of eicosanoids with lower biological potency from
EPA, increased production of anti-inﬂammatory and
inﬂammation resolving resolvins from EPA and DHA (and
protectins from DHA),decreased production of the classic
inﬂammatory cytokinesTNF,IL-1b and IL-6,and decreased
T-cell reactivity (Table 1). Overall, these observations indi-
cate a shift from a strongly pro-inﬂammatory environment
to one of reduced inﬂammation, lowered cell (neutrophil,
monocyte, macrophage, T-cell, endothelial cell) respon-
siveness and increased resolution of inﬂammation. A
number of mechanisms by which marine n-3 PUFAs inﬂu-
ence these separate aspects of the inﬂammatory response
have been identiﬁed, with several new mechanistic
insights gathered more recently (Table 1).
Functional effects of omega-3 (n-3) fatty acids
involving altered cell membrane phospholipid
fatty acid composition
PUFAsarekeystructuralandfunctionalcomponentsofthe
phospholipids in cell membranes.As indicated above, the
phospholipids of cells involved in inﬂammation typically
contain a rather high proportion of arachidonic acid and
much less, often little, EPA or DHA [13–15, 36, 39, 93, 100–
102].However,including ﬁsh oil in the diet of experimental
animals [34, 36, 95] or healthy human volunteers [13–15,
39, 51, 99, 101–104] results in increased accumulation of
EPA and DHA in these cells, which is associated with a
decreasedcontentofarachidonicacid.Timecoursestudies
suggest that the net incorporation of EPA and DHA into
human inﬂammatory cells begins within days and reaches
itspeakwithinafewweeks[51,99,101,102,104,105],while
studies that have used multiple doses of ﬁsh oil show that
theincorporationofEPAandDHA(andtheparalleldecline
inarachidonicacid)occursinadose–responsemanner[51,
102].The resulting change in the fatty acid composition of
inﬂammatory cell membrane phospholipids presents an
altered availability of substrates for synthesis of eicosa-
noids, endocannabinoids, resolvins and protectins. This is
most likely a major contributor to the observed effects of
marine n-3 PUFAs on eicosanoid proﬁles, although inhibi-




Anti-inﬂammatory effect Likely mechanism involved








adhesion molecule genes (via
NFkB, NR1C3 (i.e. PPAR-g) etc.)
Decreased production of eicosanoids
from arachidonic acid
Lowered membrane content of
arachidonic acid; Inhibition of
arachidonic acid metabolism
Decreased production of arachidonic
acid containing endocannabinoids
Lowered membrane content of
arachidonic acid





anti-inﬂammatory EPA and DHA
containing endocannabinoids
Increased membrane content
of EPA and DHA
Increased production of pro-
resolution resolvins and protectins
Increased membrane content of




inﬂammatory cytokine genes (via
NFkB, NR1C3 (i.e. PPAR-g) etc.)
Decreased T cell reactivity Disruption of membrane rafts (via
increased content of EPA and
DHA in speciﬁc membrane regions)
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It	 ﾠmay	 ﾠbe	 ﾠthat	 ﾠthrough	 ﾠthese	 ﾠmechanisms	 ﾠthe	 ﾠfat	 ﾠcontent	 ﾠof	 ﾠthe	 ﾠWestern	 ﾠdiet	 ﾠand	 ﾠ
elemental	 ﾠfeed	 ﾠexert	 ﾠan	 ﾠeffect	 ﾠin	 ﾠinflammatory	 ﾠbowel	 ﾠdisease.	 ﾠIndeed	 ﾠin	 ﾠulcerative	 ﾠ
colitis	 ﾠ(UC)	 ﾠelevated	 ﾠlevels	 ﾠof	 ﾠarachidonic	 ﾠacid	 ﾠand	 ﾠits	 ﾠmetabolites	 ﾠprostaglandin	 ﾠE2,	 ﾠ
leukotriene	 ﾠB4	 ﾠand	 ﾠthromboxane	 ﾠB2	 ﾠare	 ﾠfound	 ﾠin	 ﾠthe	 ﾠcolonic	 ﾠmucosa	 ﾠof	 ﾠaffected	 ﾠ
patients.	 ﾠ(Boughton-ﾭ‐Smith	 ﾠet	 ﾠal.,	 ﾠ1983,	 ﾠNishida	 ﾠet	 ﾠal.,	 ﾠ1987).	 ﾠPUFAs	 ﾠmay	 ﾠalso	 ﾠaffect	 ﾠ
intestinal	 ﾠ inflammation	 ﾠ via	 ﾠ lipid	 ﾠ signalling	 ﾠ molecules	 ﾠ that	 ﾠ are	 ﾠ involved	 ﾠ in	 ﾠ the	 ﾠ
control	 ﾠ and	 ﾠ resolution	 ﾠ of	 ﾠ inflammation	 ﾠ (Gewirtz	 ﾠ et	 ﾠ al.,	 ﾠ 2002).	 ﾠ These	 ﾠ include	 ﾠ
lipoxins,	 ﾠ LXA4	 ﾠ and	 ﾠ LXB4	 ﾠ that	 ﾠ are	 ﾠ also	 ﾠ formed	 ﾠ from	 ﾠ arachidonic	 ﾠ acid	 ﾠ through	 ﾠ
multiple	 ﾠroutes	 ﾠand	 ﾠalso	 ﾠaspirin-ﾭ‐triggered	 ﾠlipoxin	 ﾠ(ATL)	 ﾠ(Serhan,	 ﾠ2005).	 ﾠPatients	 ﾠ
with	 ﾠulcerative	 ﾠcolitis	 ﾠhave	 ﾠreduced	 ﾠLXA4	 ﾠsynthesis	 ﾠ(Gewirtz	 ﾠet	 ﾠal.,	 ﾠ2002)	 ﾠand	 ﾠmice	 ﾠ
with	 ﾠ blocked	 ﾠ LXA	 ﾠ synthesis	 ﾠ develop	 ﾠ IBD-ﾭ‐like	 ﾠ disease	 ﾠ (Mangino	 ﾠ et	 ﾠ al.,	 ﾠ 2006).	 ﾠ It	 ﾠ
could	 ﾠbe	 ﾠthat	 ﾠn-ﾭ‐6	 ﾠPUFAs	 ﾠare	 ﾠwell	 ﾠtolerated	 ﾠby	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠthe	 ﾠpopulation	 ﾠbut	 ﾠ
that	 ﾠa	 ﾠsubset	 ﾠmay	 ﾠhave	 ﾠa	 ﾠdecreased	 ﾠability	 ﾠto	 ﾠconvert	 ﾠarachidonic	 ﾠacid	 ﾠto	 ﾠanti-ﾭ‐
inflammatory	 ﾠlipoxins	 ﾠand	 ﾠso	 ﾠthe	 ﾠn-ﾭ‐6	 ﾠPUFAs	 ﾠare	 ﾠpredominantly	 ﾠsteered	 ﾠtowards	 ﾠ
proinflammatory	 ﾠprostaglandin	 ﾠsynthesis.	 ﾠ
There	 ﾠ are	 ﾠ principally	 ﾠ two	 ﾠ mechanisms	 ﾠ how	 ﾠ n-ﾭ‐6	 ﾠ metabolites	 ﾠ might	 ﾠ promote	 ﾠ
intestinal	 ﾠinflammation.	 ﾠThey	 ﾠmay	 ﾠregulate	 ﾠthe	 ﾠmucosal	 ﾠbarrier	 ﾠby	 ﾠaffecting	 ﾠtight	 ﾠ
junctions	 ﾠwith	 ﾠresultant	 ﾠimpaired	 ﾠparacellular	 ﾠpermeability	 ﾠor	 ﾠby	 ﾠdysregulation	 ﾠof	 ﾠ
the	 ﾠinflammatory	 ﾠresponse	 ﾠwith	 ﾠconsequent	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠcytokines,	 ﾠeicosenoids	 ﾠ
and	 ﾠfree	 ﾠradicals	 ﾠ(Ferrer	 ﾠand	 ﾠMoreno,	 ﾠ2010).	 ﾠFurthermore,	 ﾠintestinal	 ﾠhomeostasis	 ﾠ
and	 ﾠtolerance	 ﾠto	 ﾠcommensal	 ﾠmicrobes	 ﾠis	 ﾠmaintained	 ﾠby	 ﾠthe	 ﾠnuclear	 ﾠfactor	 ﾠκβ	 ﾠ(NF-ﾭ‐
κβ)	 ﾠsignalling	 ﾠand	 ﾠactivation	 ﾠof	 ﾠperoxisome	 ﾠproliferator-ﾭ‐activated	 ﾠreceptor	 ﾠ(PPAR),	 ﾠ
which	 ﾠ results	 ﾠ in	 ﾠ down-ﾭ‐regulation	 ﾠ of	 ﾠ cyclooxygenase-ﾭ‐2	 ﾠ (COX-ﾭ‐2)	 ﾠ enzyme	 ﾠ activity	 ﾠ
(Yang	 ﾠand	 ﾠFrucht,	 ﾠ2001)	 ﾠand	 ﾠthe	 ﾠarachidonic	 ﾠacid	 ﾠcascade	 ﾠ(Ferrer	 ﾠand	 ﾠMoreno,	 ﾠ
2010).	 ﾠHowever	 ﾠthe	 ﾠrole	 ﾠof	 ﾠPPAR	 ﾠin	 ﾠIBD	 ﾠis	 ﾠnot	 ﾠfully	 ﾠelucidated	 ﾠand	 ﾠwork	 ﾠin	 ﾠthis	 ﾠ
area	 ﾠis	 ﾠunderway.	 ﾠ
PUFAs	 ﾠ may	 ﾠ also	 ﾠ contribute	 ﾠ to	 ﾠ Crohn’s	 ﾠ disease	 ﾠ by	 ﾠ directly	 ﾠ adjusting	 ﾠ the	 ﾠ host	 ﾠ
microbiome.	 ﾠApproximately	 ﾠ2%	 ﾠof	 ﾠingested	 ﾠPUFAs	 ﾠarrive	 ﾠundigested	 ﾠin	 ﾠthe	 ﾠcolon	 ﾠ
and	 ﾠcan	 ﾠthus	 ﾠalter	 ﾠthe	 ﾠsurvival	 ﾠof	 ﾠbacteria	 ﾠ(Knapp	 ﾠand	 ﾠMelly,	 ﾠ1986).	 ﾠHigh-ﾭ‐fat	 ﾠdiets	 ﾠ
have	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠchange	 ﾠthe	 ﾠbacterial	 ﾠflora	 ﾠin	 ﾠmouse	 ﾠmodels	 ﾠ(Maslowski	 ﾠet	 ﾠal.,	 ﾠ
2009)	 ﾠand	 ﾠalso	 ﾠto	 ﾠmodify	 ﾠbile	 ﾠacid	 ﾠcomposition	 ﾠand	 ﾠbile	 ﾠacids,	 ﾠwhich	 ﾠmay	 ﾠin	 ﾠturn	 ﾠ
change	 ﾠthe	 ﾠcomposition	 ﾠof	 ﾠintestinal	 ﾠbacteria	 ﾠ(Chen	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠor	 ﾠeven	 ﾠexert	 ﾠtheir	 ﾠ
own	 ﾠinflammatory	 ﾠeffect.	 ﾠ	 ﾠ 37	 ﾠ
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1.7.2  Adipose	 ﾠtissue	 ﾠ
Interest	 ﾠin	 ﾠadipose	 ﾠtissue	 ﾠhas	 ﾠsoared	 ﾠafter	 ﾠthe	 ﾠrevelation	 ﾠthat	 ﾠit	 ﾠcould	 ﾠact	 ﾠas	 ﾠan	 ﾠ
immune	 ﾠand	 ﾠendocrine	 ﾠorgan	 ﾠrather	 ﾠthan	 ﾠjust	 ﾠbe	 ﾠa	 ﾠdepository	 ﾠfor	 ﾠexcess	 ﾠnutrients	 ﾠ
(White	 ﾠ et	 ﾠ al.,	 ﾠ 1992,	 ﾠ Alberti	 ﾠ et	 ﾠ al.,	 ﾠ 2005,	 ﾠ Schaffler	 ﾠ et	 ﾠ al.,	 ﾠ 2007,	 ﾠ Pond,	 ﾠ 2000,	 ﾠ
Mohamed-ﾭ‐Ali	 ﾠet	 ﾠal.,	 ﾠ1998).	 ﾠDifferent	 ﾠdepots	 ﾠof	 ﾠadipose	 ﾠtissue	 ﾠin	 ﾠthe	 ﾠbody	 ﾠproduce	 ﾠ
various	 ﾠsets	 ﾠof	 ﾠbioactive	 ﾠmediators	 ﾠrelated	 ﾠto	 ﾠspecific	 ﾠmetabolic	 ﾠand	 ﾠinflammatory	 ﾠ
pathways	 ﾠ(Bertin	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠIndeed	 ﾠthe	 ﾠaccumulation	 ﾠof	 ﾠintra-ﾭ‐abdominal	 ﾠfat	 ﾠis	 ﾠ
closely	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠ‘metabolic	 ﾠsyndrome’	 ﾠ(Alberti	 ﾠet	 ﾠal.,	 ﾠ
2005).	 ﾠAdipose	 ﾠtissue	 ﾠis	 ﾠa	 ﾠloose	 ﾠconnective	 ﾠtissue	 ﾠcomposed	 ﾠmostly	 ﾠof	 ﾠadipocytes.	 ﾠ
In	 ﾠaddition	 ﾠto	 ﾠadipocytes,	 ﾠadipose	 ﾠtissue	 ﾠalso	 ﾠcontains	 ﾠthe	 ﾠstromal	 ﾠvascular	 ﾠfraction	 ﾠ
of	 ﾠcells	 ﾠincluding	 ﾠpreadipocytes,	 ﾠfibroblasts,	 ﾠvascular	 ﾠendothelial	 ﾠcells	 ﾠand	 ﾠa	 ﾠvariety	 ﾠ
of	 ﾠimmune	 ﾠcells	 ﾠsuch	 ﾠas	 ﾠadipose	 ﾠtissue	 ﾠmacrophages.	 ﾠAdipose	 ﾠtissue	 ﾠis	 ﾠderived	 ﾠ
from	 ﾠpreadipocytes	 ﾠwhich	 ﾠin	 ﾠturn	 ﾠare	 ﾠderived	 ﾠfrom	 ﾠfibroblasts	 ﾠ(Ali	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ
Subcutaneous	 ﾠadipose	 ﾠtissue	 ﾠhas	 ﾠminimal	 ﾠlymphoid	 ﾠtissue	 ﾠbut	 ﾠgreater	 ﾠangiogenic	 ﾠ
potential.	 ﾠ Omental	 ﾠ and	 ﾠ mesenteric	 ﾠ adipose	 ﾠ tissue	 ﾠ have	 ﾠ a	 ﾠ greater	 ﾠ proportion	 ﾠ of	 ﾠ
lymphoid	 ﾠtissue.	 ﾠOmentum	 ﾠcontains	 ﾠmilky	 ﾠspots	 ﾠof	 ﾠlymphoid	 ﾠcells	 ﾠand	 ﾠmesenteric	 ﾠ
fat	 ﾠcontains	 ﾠthe	 ﾠlymphatic	 ﾠdrainage	 ﾠof	 ﾠthe	 ﾠbowel	 ﾠwith	 ﾠits	 ﾠconcomitant	 ﾠlymph	 ﾠnodes.	 ﾠ
Omentum	 ﾠ and	 ﾠ mesenteric	 ﾠ fat	 ﾠ are	 ﾠ often	 ﾠ used	 ﾠ interchangeably	 ﾠ in	 ﾠ the	 ﾠ scientific	 ﾠ
literature	 ﾠtermed	 ﾠ‘visceral’	 ﾠfat.	 ﾠAlthough	 ﾠthey	 ﾠboth	 ﾠcontain	 ﾠmore	 ﾠlymphoid	 ﾠtissue	 ﾠ
and	 ﾠremain	 ﾠin	 ﾠlean	 ﾠpatients	 ﾠwhen	 ﾠsubcutaneous	 ﾠfat	 ﾠalmost	 ﾠdisappears,	 ﾠthey	 ﾠare	 ﾠtoo	 ﾠ
different	 ﾠanatomically	 ﾠto	 ﾠbe	 ﾠclassified	 ﾠtogether.	 ﾠThe	 ﾠinterchelated	 ﾠlymphoid	 ﾠcells	 ﾠ
almost	 ﾠcertainly	 ﾠrelease	 ﾠcytokines	 ﾠand	 ﾠexert	 ﾠsecondary	 ﾠeffects	 ﾠon	 ﾠthe	 ﾠsurrounding	 ﾠ
adipocytes	 ﾠ in	 ﾠ intact	 ﾠ tissue.	 ﾠ A	 ﾠ recent	 ﾠ study	 ﾠ has	 ﾠ shown	 ﾠ that	 ﾠ pro-ﾭ‐inflammatory	 ﾠ
signalling	 ﾠ in	 ﾠ the	 ﾠ adipocyte	 ﾠ is	 ﾠ necessary	 ﾠ for	 ﾠ adipose	 ﾠ tissue	 ﾠ remodelling	 ﾠ and	 ﾠ
expansion	 ﾠ(Asterholm	 ﾠet	 ﾠal.,	 ﾠ2014).	 ﾠ
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Figure	 ﾠ3	 ﾠThe	 ﾠanatomy	 ﾠof	 ﾠadipose	 ﾠtissue	 ﾠand	 ﾠits	 ﾠcellular	 ﾠcontent	 ﾠ
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Adipose-Derived Stromal 
Vascular Fraction Main 
Components
Within  the  AD-SVFis  a  collection  of  heterogeneous 
cells and components, most notably: MSC, HSC, Treg 
Cells,  Pericyte-EC,  mast-cells,  complex  microvascular 
beds (fibroblasts, WBC, dendritic cells, intra-adventitial 
smooth  muscular-like  cells,  etc.),  and  extracellular 
matrix.33, 34, 35 In addition, complex adipose tissue (ATC) 
harvested via en bloc excision or lipoaspiration, delivers 
mature  adipocytes  and  their  attached  progenitor  cells 
(pre-adipocytes of presumed unipotent abilities as near 
terminally differentiated cells) which represent another 
group  of  secretory-capable  cells  within  the  grafted 
microenvironment  they  accompany  in  transplantation 
procedures.  Appreciation  of  the  importance  of  the 
complex, 3-dimensional matrix found in adipose tissues 
have led many to consider the intact, non-manipulated 
transplantation of such tissues and their accompanying 
cellular elements may be advantageous.36 (See Diagram 2.)
In  most  experimental  studies,  the  cellular  elements 
within AD-SVF is extracted and separated by application 
of  protocols  similar  to  or  developed  by  Zuk  et  al.9,  10 
Characterizations of the cell subpopulations constituting 
the AD-SVF often revolves around the examination of CD 
34+ cells, which represent 50-80% of the group. Difficulties 
in comparative studies typically result from the use of a 
varied panel of antigens. Hematopoietic components are 
often studied based on colony-forming assay (CFU-F) for 
quantification purposes. The endothelial cell fraction is 
often investigated by quantification of co-expression of 
several endothelial markers and Ulex europaeus agglutinin 
1 (UEA-1) binding. The majority of CD 34+ are found 
widely distributed among adipose tissues, predominantly 
associated with vascular and ECM structures. From freshly 
isolated AD-SVF, the majority of CD 34+ are found to 
be CD 31-/CD 144-, and easily separated from a distinct 
population of CD 34+/CD 31-/CD 144- (endothelial cell 
markers) by differential attachment on uncoated plastic, 
suggesting that the non-endothelial population occupy a 
pericytic position. Traktuev et al, analyzed surface and 
intracellular  markers  of  freshly  isolated  CD  34+/CD 
31-/CD  144-  and  reported  that  >90%  coexpress  CD 
10,  CD  13,  and  CD  90,  pericytic  (chondroitin  sulfate 
proteoglycan,  CD  140a  and  CD  140b),  and  smooth 
muscle (alpha-actin, caldesmon, and calponin) markers. 
In co-culture of AD-SVF cells with human endothelial 
cells  suggested  a  bi-directional  paracrine  interaction 
between these cells.37 (See Figures 3 & 4.) This information 
suggests that the majority of AD-SVF adherent CD 34+ 
cells may represent resident pericytes who play a role in 
vascular stabilization by mutual structural and functional 
interactions with endothelial cells. 
Diagram 2. A. Terminally differentiated mature adipocytes.
B. Extracellular matrix (fibroblastic elements, most nucleated, 
undifferentiated cells adherent to ECM & Heterogeneous 
Perivascular Cells (Cell-To-Cell contacts). C. Pericytes-Endothelial 
Within Microvascular Elements (important in angiogenesis).
D. Mesenchymal stem cells (Approximately 45% of nucleated 
cell counts in SVF). E. Pre-adipocyte (progenitor cells, near 
terminal differentiated form, adherent to adipocytes). 
(Adapted From Alderman, D., Alexander, R.W.:  JOP (2011) Vol. 3)
Figure 3. Histological analysis of human adipose tissue. 
Frozen sections of human fat stained for the endothelial marker 
CD31 (red) and a major fresh ASC marker CD34 (green).  Nuclei 
are revealed by 4’,6-diamidino-2-phenylindole (DAPI) staining. 
(Traktuev, D. et al: Circ Res 2008)	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1.7.3  Functions	 ﾠof	 ﾠAdipose	 ﾠtissue	 ﾠ
1.7.3.1  Storage,	 ﾠThermal	 ﾠInsulation	 ﾠand	 ﾠMechanical	 ﾠprotection	 ﾠ
Adipose	 ﾠ tissue	 ﾠ is	 ﾠ the	 ﾠ predominant	 ﾠ source	 ﾠ of	 ﾠ energy	 ﾠ storage	 ﾠ in	 ﾠ mammals.	 ﾠ
Triacylglycerols	 ﾠare	 ﾠdeposited	 ﾠin	 ﾠadipocytes	 ﾠto	 ﾠform	 ﾠfat	 ﾠdepots.	 ﾠAdipocytes	 ﾠand	 ﾠ
adipose	 ﾠ tissues	 ﾠ are	 ﾠ able	 ﾠ to	 ﾠ rapidly	 ﾠ increase	 ﾠ in	 ﾠ size	 ﾠ according	 ﾠ to	 ﾠ metabolic	 ﾠ
requirements.	 ﾠThis	 ﾠability	 ﾠfor	 ﾠalmost	 ﾠunlimited	 ﾠexpansion	 ﾠmakes	 ﾠit	 ﾠthe	 ﾠmost	 ﾠplastic	 ﾠ
tissue	 ﾠin	 ﾠthe	 ﾠbody.	 ﾠ
1.7.3.2  Adipogenesis	 ﾠ
Mature	 ﾠadipocytes	 ﾠform	 ﾠfrom	 ﾠpre-ﾭ‐adipocytes,	 ﾠwhich	 ﾠare	 ﾠpresent	 ﾠwithin	 ﾠall	 ﾠadipose	 ﾠ
tissues	 ﾠand	 ﾠthese	 ﾠcan	 ﾠbe	 ﾠrecruited	 ﾠto	 ﾠdifferentiate	 ﾠto	 ﾠtheir	 ﾠmature	 ﾠform	 ﾠthrough	 ﾠout	 ﾠ
adult	 ﾠlife	 ﾠ(Ailhaud	 ﾠet	 ﾠal.,	 ﾠ1992).	 ﾠThis	 ﾠphenomenon	 ﾠis	 ﾠreversible	 ﾠwith	 ﾠmany	 ﾠreports	 ﾠ
describing	 ﾠmature	 ﾠadipocytes	 ﾠdifferentiating	 ﾠback	 ﾠto	 ﾠa	 ﾠpreadipocyte	 ﾠstate	 ﾠ(Negrel	 ﾠ
et	 ﾠ al.,	 ﾠ 1985,	 ﾠ Ron	 ﾠ et	 ﾠ al.,	 ﾠ 1992).	 ﾠ The	 ﾠ number	 ﾠ of	 ﾠ fat	 ﾠ cells	 ﾠ reflects	 ﾠ the	 ﾠ balance	 ﾠ of	 ﾠ
preadipocyte	 ﾠ proliferation	 ﾠ and	 ﾠ apoptosis.	 ﾠ Adipogenesis	 ﾠ results	 ﾠ from	 ﾠ the	 ﾠ
transcripitional	 ﾠactivation	 ﾠand	 ﾠgene	 ﾠexpression	 ﾠwithin	 ﾠfibroblast-ﾭ‐like	 ﾠcells	 ﾠdestined	 ﾠ
to	 ﾠ become	 ﾠ preadipocytes.	 ﾠ The	 ﾠ preadipocytes	 ﾠ must	 ﾠ then	 ﾠ receive	 ﾠ mitogenic	 ﾠ and	 ﾠ
adipogenic	 ﾠ stimuli	 ﾠ to	 ﾠ continue	 ﾠ to	 ﾠ differentiate	 ﾠ into	 ﾠ the	 ﾠ mature	 ﾠ adipocyte	 ﾠ by	 ﾠ
progressive	 ﾠ attainment	 ﾠ of	 ﾠ the	 ﾠ necessary	 ﾠ morphological	 ﾠ and	 ﾠ biochemical	 ﾠ
characteristics	 ﾠ(Ali	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ
1.7.3.3  Lipolysis	 ﾠ
When	 ﾠcarbohydrate	 ﾠavailability	 ﾠfor	 ﾠrespiration	 ﾠis	 ﾠlow	 ﾠduring	 ﾠperiods	 ﾠof	 ﾠfasting,	 ﾠ
adipocytes	 ﾠare	 ﾠable	 ﾠto	 ﾠrespond	 ﾠto	 ﾠenergy	 ﾠneeds	 ﾠby	 ﾠhydrolysing	 ﾠtriglycerides	 ﾠinto	 ﾠ
glycerol	 ﾠand	 ﾠfatty	 ﾠacids.	 ﾠThese	 ﾠthen	 ﾠfreely	 ﾠdiffuse	 ﾠout	 ﾠof	 ﾠthe	 ﾠcell	 ﾠand	 ﾠare	 ﾠcirculated	 ﾠ
to	 ﾠ wherever	 ﾠ required.	 ﾠ Stimulation	 ﾠ of	 ﾠ lipolysis	 ﾠ is	 ﾠ caused	 ﾠ by	 ﾠ many	 ﾠ effectors	 ﾠ
including	 ﾠcatecholamines,	 ﾠglucagon,	 ﾠgrowth	 ﾠhormone,	 ﾠcortisol,	 ﾠprostaglandins	 ﾠand	 ﾠ
cytokines	 ﾠsuch	 ﾠas	 ﾠTNFα,	 ﾠIL-ﾭ‐1,	 ﾠIFNα,	 ﾠIFNβ	 ﾠand	 ﾠIFNγ.	 ﾠ	 ﾠ
1.7.3.4  Immune	 ﾠand	 ﾠsecretory	 ﾠfunction	 ﾠof	 ﾠadipose	 ﾠtissue	 ﾠ
Adipose	 ﾠ tissue	 ﾠ contains	 ﾠ mature	 ﾠ adipocytes	 ﾠ and	 ﾠ also	 ﾠ many	 ﾠ other	 ﾠ cell	 ﾠ types	 ﾠ
including	 ﾠpreadipocytes,	 ﾠmacrophages,	 ﾠendothelial	 ﾠcells,	 ﾠleukocytes	 ﾠand	 ﾠfibroblasts.	 ﾠ
These	 ﾠare	 ﾠable	 ﾠto	 ﾠexpress	 ﾠhormones	 ﾠand	 ﾠmediators	 ﾠcollectively	 ﾠtermed	 ﾠadipokines.	 ﾠ
(Trayhurn	 ﾠand	 ﾠWood,	 ﾠ2004,	 ﾠWozniak	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠThese	 ﾠcan	 ﾠbe	 ﾠsubdivided	 ﾠinto	 ﾠ
hormone-ﾭ‐like	 ﾠadipokines,	 ﾠchemokines	 ﾠand	 ﾠcytokines	 ﾠand	 ﾠothers.	 ﾠSee	 ﾠTable	 ﾠ5.	 ﾠ	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Hormone-ﾭ‐like	 ﾠadipokines	 ﾠ Adiponectin	 ﾠ Omentin	 ﾠ
	 ﾠ Visfatin	 ﾠ Vaspin	 ﾠ
	 ﾠ Leptin	 ﾠ Adipsin	 ﾠ
	 ﾠ Resistin	 ﾠ Chemerin	 ﾠ
	 ﾠ Apelin	 ﾠ 	 ﾠ
Cytokines	 ﾠand	 ﾠchemokines	 ﾠ TNF	 ﾠ Monocyte	 ﾠ chemoattractant	 ﾠ
protein-ﾭ‐1	 ﾠ(MCP-ﾭ‐1)	 ﾠ
	 ﾠ IL-ﾭ‐1	 ﾠ Macrophage	 ﾠ inflammatory	 ﾠ
protein-ﾭ‐1	 ﾠ(MIP-ﾭ‐1)	 ﾠ
	 ﾠ IL-ﾭ‐6	 ﾠ Macrophage	 ﾠ migration	 ﾠ
inhibitor	 ﾠfactor	 ﾠ(MIF)	 ﾠ
	 ﾠ IL-ﾭ‐8	 ﾠ 	 ﾠ
	 ﾠ IL-ﾭ‐10	 ﾠ 	 ﾠ
Others	 ﾠ (hormones,	 ﾠ growth	 ﾠ
factors,	 ﾠetc.)	 ﾠ
Macrophage	 ﾠ colony-ﾭ‐
stimulating	 ﾠfactor	 ﾠ(M-ﾭ‐CSF)	 ﾠ
Granulocyte	 ﾠM-ﾭ‐CSF	 ﾠ(GM-ﾭ‐CSF)	 ﾠ
	 ﾠ Transforming	 ﾠ growth	 ﾠ factor	 ﾠ
(TGF)	 ﾠ
Insulin-ﾭ‐like	 ﾠ growth	 ﾠ factor	 ﾠ
(IGF-ﾭ‐1)	 ﾠ
	 ﾠ Serum	 ﾠamyloid	 ﾠA3	 ﾠ C-ﾭ‐reactive	 ﾠprotein	 ﾠ
	 ﾠ Complement	 ﾠsystem	 ﾠproteins	 ﾠ Plasminogen	 ﾠ activator	 ﾠ
inhibitor-ﾭ‐1	 ﾠ(PAI-ﾭ‐1)	 ﾠ
	 ﾠ Angiotensinogen	 ﾠ Retinol	 ﾠ binding	 ﾠ protein-ﾭ‐4	 ﾠ
(RBP-ﾭ‐4)	 ﾠ
Table	 ﾠ5.	 ﾠMajor	 ﾠmediators	 ﾠexpressed	 ﾠby	 ﾠadipocytes	 ﾠ(Bertin	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠ
	 ﾠ
The	 ﾠrecognition	 ﾠthat	 ﾠproinflammatory	 ﾠmediators	 ﾠcould	 ﾠbe	 ﾠproduced	 ﾠby	 ﾠadipose	 ﾠ
tissue	 ﾠled	 ﾠto	 ﾠit	 ﾠbeing	 ﾠconsidered	 ﾠan	 ﾠ‘immunological	 ﾠorgan’	 ﾠ(Schaffler	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠ
Adipocytes,	 ﾠ like	 ﾠ macrophages	 ﾠ and	 ﾠ epithelial	 ﾠ cells	 ﾠ are	 ﾠ able	 ﾠ to	 ﾠ produce	 ﾠ pro-ﾭ‐
inflammatory	 ﾠ (TNF,	 ﾠ IL-ﾭ‐6,	 ﾠ IL-ﾭ‐1β,	 ﾠ IL-ﾭ‐18)	 ﾠ and	 ﾠ anti-ﾭ‐inflammatory	 ﾠ (TGFβ,	 ﾠ IL-ﾭ‐10,	 ﾠ IL-ﾭ‐
1RA)	 ﾠcytokines,	 ﾠchemokines	 ﾠ(IL-ﾭ‐8,	 ﾠMCP-ﾭ‐1,	 ﾠMIP1α)	 ﾠand	 ﾠcomplement	 ﾠproteins	 ﾠfrom	 ﾠ
the	 ﾠinnate	 ﾠimmune	 ﾠsystem	 ﾠ(Schaffler	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠThey	 ﾠare	 ﾠalso	 ﾠable	 ﾠto	 ﾠproduce	 ﾠ
adipormones	 ﾠ critical	 ﾠ in	 ﾠ the	 ﾠ regulation	 ﾠ of	 ﾠ inflammation:	 ﾠ leptin,	 ﾠ adiponectin	 ﾠ and	 ﾠ
resistin.	 ﾠ Visfatin,	 ﾠ omentin	 ﾠ and	 ﾠ vaspin	 ﾠ are	 ﾠ other	 ﾠ adipormones	 ﾠ that	 ﾠ have	 ﾠ been	 ﾠ
described	 ﾠbut	 ﾠtheir	 ﾠfunction	 ﾠrequires	 ﾠfurther	 ﾠinvestigation.	 ﾠAdipose	 ﾠtissue	 ﾠhas	 ﾠalso	 ﾠ
been	 ﾠshown	 ﾠto	 ﾠhave	 ﾠphagocytic	 ﾠand	 ﾠanti-ﾭ‐microbial	 ﾠproperties	 ﾠ(Cousin	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ
Pre-ﾭ‐adipocytes	 ﾠ are	 ﾠ able	 ﾠ to	 ﾠ convert	 ﾠ into	 ﾠ macrophages	 ﾠ linking	 ﾠ adipose	 ﾠ tissue	 ﾠ to	 ﾠ	 ﾠ 41	 ﾠ
innate	 ﾠ immunity	 ﾠ (Charriere	 ﾠ et	 ﾠ al.,	 ﾠ 2003).	 ﾠ In	 ﾠ addition	 ﾠ adipocytes	 ﾠ can	 ﾠ detect	 ﾠ
microorganisms	 ﾠ through	 ﾠ Toll-ﾭ‐like	 ﾠ receptors	 ﾠ (TLR)	 ﾠ and	 ﾠ nucleotide-ﾭ‐binding	 ﾠ
oligomerisation	 ﾠdomain	 ﾠ(NOD)	 ﾠproteins	 ﾠ(Schaffler	 ﾠ2007}(Kopp	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠIt	 ﾠwas	 ﾠ
shown	 ﾠ that	 ﾠ specific	 ﾠ TLR	 ﾠ ligands	 ﾠ could	 ﾠ differentially	 ﾠ upregulate	 ﾠ Il-ﾭ‐6	 ﾠ and	 ﾠ MCP-ﾭ‐1	 ﾠ
release	 ﾠby	 ﾠadipocytes	 ﾠ(Kopp	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ
1.7.3.5  Depot	 ﾠspecific	 ﾠdifferences	 ﾠin	 ﾠadipokine	 ﾠsecretion	 ﾠ
Most	 ﾠof	 ﾠthe	 ﾠresearch	 ﾠstudies	 ﾠperformed	 ﾠto	 ﾠdate	 ﾠhave	 ﾠcompared	 ﾠsubcutaneous	 ﾠfat	 ﾠto	 ﾠ
internal	 ﾠfat	 ﾠalso	 ﾠreferred	 ﾠto	 ﾠas	 ﾠvisceral	 ﾠadipose	 ﾠtissue.	 ﾠSubcutaneous	 ﾠfat	 ﾠrepresents	 ﾠ
approximately	 ﾠ80%	 ﾠof	 ﾠtotal	 ﾠbody	 ﾠfat	 ﾠmass.	 ﾠTypically	 ﾠomentum	 ﾠis	 ﾠused	 ﾠto	 ﾠanalyse	 ﾠ
visceral	 ﾠadipose	 ﾠtissue	 ﾠas	 ﾠis	 ﾠcan	 ﾠbe	 ﾠeasily	 ﾠresected	 ﾠwithout	 ﾠsignificant	 ﾠside	 ﾠeffects	 ﾠ
to	 ﾠ the	 ﾠ patient.	 ﾠ As	 ﾠ a	 ﾠ result	 ﾠ less	 ﾠ is	 ﾠ known	 ﾠ about	 ﾠ how	 ﾠ mesenteric	 ﾠ adipose	 ﾠ tissue	 ﾠ
compares	 ﾠ to	 ﾠ subcutaneous	 ﾠ tissue.	 ﾠ Similarly	 ﾠ there	 ﾠ may	 ﾠ be	 ﾠ significant	 ﾠ variances	 ﾠ
between	 ﾠ mesenteric	 ﾠ and	 ﾠ omental	 ﾠ tissue	 ﾠ both	 ﾠ morphologically	 ﾠ and	 ﾠ in	 ﾠ terms	 ﾠ of	 ﾠ
adipokine	 ﾠsecretion.	 ﾠCertainly	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠincreased	 ﾠvisceral	 ﾠadiposity	 ﾠcompared	 ﾠ
to	 ﾠ subcutaneous	 ﾠ adiposity	 ﾠ predisposes	 ﾠ to	 ﾠ metabolic	 ﾠ syndrome	 ﾠ suggests	 ﾠ that	 ﾠ a	 ﾠ
functional	 ﾠdifference	 ﾠexists	 ﾠbetween	 ﾠthe	 ﾠdepots	 ﾠ(Hamdy	 ﾠet	 ﾠal.,	 ﾠ2006,	 ﾠO'Connell	 ﾠet	 ﾠ
al.,	 ﾠ2010).	 ﾠLeptin	 ﾠsecretion	 ﾠand	 ﾠmRNA	 ﾠis	 ﾠincreased	 ﾠin	 ﾠsubcutaneous	 ﾠadipose	 ﾠtissue	 ﾠ
compared	 ﾠto	 ﾠvisceral	 ﾠadipose	 ﾠtissue	 ﾠregardless	 ﾠof	 ﾠcell	 ﾠsize	 ﾠor	 ﾠBMI	 ﾠ(Lefebvre	 ﾠet	 ﾠal.,	 ﾠ
Arner,	 ﾠ 2001).	 ﾠ IL-ﾭ‐6,	 ﾠ VEGF,	 ﾠ PAI-ﾭ‐1	 ﾠ and	 ﾠ resistin	 ﾠ secretion	 ﾠ is	 ﾠ greater	 ﾠ from	 ﾠ visceral	 ﾠ
adipose	 ﾠtissue	 ﾠ(Arner,	 ﾠ2001).	 ﾠ	 ﾠ
	 ﾠ
1.8  Fat-ﾭ‐wrapping	 ﾠ
In	 ﾠCrohn’s	 ﾠdisease,	 ﾠone	 ﾠof	 ﾠthe	 ﾠfeatures	 ﾠpreviously	 ﾠmentioned	 ﾠis	 ﾠthickening	 ﾠof	 ﾠthe	 ﾠ
mesenteric	 ﾠ fat.	 ﾠ The	 ﾠ phenomenon	 ﾠ of	 ﾠ ‘fat-ﾭ‐wrapping’	 ﾠ describes	 ﾠ the	 ﾠ macroscopic	 ﾠ
finding	 ﾠof	 ﾠover	 ﾠ50%	 ﾠof	 ﾠthe	 ﾠbowel	 ﾠcircumference	 ﾠto	 ﾠbe	 ﾠcovered	 ﾠby	 ﾠmesenteric	 ﾠfat	 ﾠ
(Sheehan	 ﾠet	 ﾠal.,	 ﾠ1992)	 ﾠand	 ﾠloss	 ﾠof	 ﾠthe	 ﾠbowel-ﾭ‐mesentery	 ﾠangle.	 ﾠSurgeons	 ﾠused	 ﾠthis	 ﾠ
observation,	 ﾠ since	 ﾠ Crohn’s	 ﾠ disease	 ﾠ was	 ﾠ first	 ﾠ described,	 ﾠ to	 ﾠ help	 ﾠ delineate	 ﾠ the	 ﾠ
diseased	 ﾠ segments	 ﾠ requiring	 ﾠ resection.	 ﾠ ‘Fat-ﾭ‐wrapping’	 ﾠ has	 ﾠ also	 ﾠ been	 ﾠ called	 ﾠ
‘creeping	 ﾠfat’	 ﾠwithin	 ﾠthe	 ﾠliterature	 ﾠand	 ﾠdefined	 ﾠless	 ﾠobjectively	 ﾠas	 ﾠ‘white	 ﾠadipose	 ﾠ
tissue	 ﾠ hypertrophy	 ﾠ extending	 ﾠ from	 ﾠ the	 ﾠ mesenteric	 ﾠ attachment	 ﾠ and	 ﾠ partially	 ﾠ
covering	 ﾠthe	 ﾠintestinal	 ﾠcircumference’	 ﾠ(Desreumaux	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠHowever	 ﾠa	 ﾠstrict	 ﾠ
definition	 ﾠseems	 ﾠunnecessary,	 ﾠas	 ﾠit	 ﾠis	 ﾠprobably	 ﾠa	 ﾠgradual	 ﾠphenomenon	 ﾠand	 ﾠindeed	 ﾠ
occasionally	 ﾠfat	 ﾠcan	 ﾠwrap	 ﾠthe	 ﾠentire	 ﾠbowel	 ﾠcircumference.	 ﾠ	 ﾠ	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It	 ﾠwas	 ﾠlong	 ﾠassumed	 ﾠthat	 ﾠthis	 ﾠappearance	 ﾠonly	 ﾠoccurred	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠbut	 ﾠthe	 ﾠ
pathognomonicity	 ﾠof	 ﾠfat-ﾭ‐wrapping	 ﾠhas	 ﾠrecently	 ﾠbeen	 ﾠquestioned	 ﾠ(Golder,	 ﾠ2009).	 ﾠ
Fat	 ﾠwrapping	 ﾠhas	 ﾠnot	 ﾠbeen	 ﾠreported	 ﾠin	 ﾠany	 ﾠof	 ﾠthe	 ﾠother	 ﾠgranulomatous	 ﾠenteritides	 ﾠ
such	 ﾠas	 ﾠtuberculosis	 ﾠand	 ﾠyersiniosis	 ﾠ(Sheehan	 ﾠet	 ﾠal.,	 ﾠ1992)	 ﾠand	 ﾠis	 ﾠextremely	 ﾠrarely	 ﾠ
seen	 ﾠ in	 ﾠ any	 ﾠ other	 ﾠ condition.	 ﾠ Fat	 ﾠ wrapping	 ﾠ is	 ﾠ easier	 ﾠ to	 ﾠ detect	 ﾠ in	 ﾠ small	 ﾠ bowel	 ﾠ
compared	 ﾠto	 ﾠlarge	 ﾠbowel	 ﾠdue	 ﾠto	 ﾠthe	 ﾠfat	 ﾠencroachment	 ﾠbeing	 ﾠrestricted	 ﾠby	 ﾠtaeniae	 ﾠ
coli	 ﾠbut	 ﾠit	 ﾠis	 ﾠequally	 ﾠcommon	 ﾠ(Sheehan	 ﾠet	 ﾠal.,	 ﾠ1992).	 ﾠ
	 ﾠMicroscopically	 ﾠ fat	 ﾠ wrapping	 ﾠ was	 ﾠ found	 ﾠ not	 ﾠ to	 ﾠ be	 ﾠ associated	 ﾠ with	 ﾠ mucosal	 ﾠ
ulceration	 ﾠbut	 ﾠonly	 ﾠfull	 ﾠthickness	 ﾠtransmural	 ﾠinflammation	 ﾠ(Sheehan	 ﾠet	 ﾠal.,	 ﾠ1992)	 ﾠ
and	 ﾠ as	 ﾠ such	 ﾠ has	 ﾠ been	 ﾠ shown	 ﾠ to	 ﾠ correlate	 ﾠ poorly	 ﾠ with	 ﾠ the	 ﾠ disease	 ﾠ segment	 ﾠ
requiring	 ﾠ surgical	 ﾠ resection	 ﾠ (Smedh	 ﾠ et	 ﾠ al.,	 ﾠ 1993).	 ﾠ No	 ﾠ correlation	 ﾠ has	 ﾠ yet	 ﾠ been	 ﾠ
found	 ﾠ between	 ﾠ the	 ﾠ prevalence	 ﾠ of	 ﾠ fat-ﾭ‐wrapping	 ﾠ and	 ﾠ age,	 ﾠ sex,	 ﾠ weight,	 ﾠ smoking,	 ﾠ
disease	 ﾠextent,	 ﾠdisease	 ﾠchronicity	 ﾠor	 ﾠtreatment.	 ﾠHowever	 ﾠthe	 ﾠauthors	 ﾠof	 ﾠthe	 ﾠstudy	 ﾠ
speculate	 ﾠ that	 ﾠ since	 ﾠ fat-ﾭ‐wrapping	 ﾠ is	 ﾠ a	 ﾠ sequel	 ﾠ of	 ﾠ mucosal	 ﾠ ulceration	 ﾠ (Kelly	 ﾠ and	 ﾠ
Sutherland,	 ﾠ 1988)	 ﾠ that	 ﾠ it	 ﾠ is	 ﾠ a	 ﾠ pathological	 ﾠ indicator	 ﾠ of	 ﾠ more	 ﾠ chronic	 ﾠ disease	 ﾠ
(Sheehan	 ﾠ et	 ﾠ al.,	 ﾠ 1992).	 ﾠ Researchers	 ﾠ then	 ﾠ suggested	 ﾠ that	 ﾠ since	 ﾠ fat	 ﾠ wrapping	 ﾠ is	 ﾠ
associated	 ﾠwith	 ﾠtransmural	 ﾠinflammation	 ﾠ(assessed	 ﾠhistologically	 ﾠby	 ﾠthe	 ﾠdepth	 ﾠof	 ﾠ
lymphoid	 ﾠaggregations)	 ﾠthat	 ﾠthe	 ﾠphenomenon	 ﾠoccurs	 ﾠdue	 ﾠto	 ﾠcytokine	 ﾠrelease	 ﾠfrom	 ﾠ
lymphoid	 ﾠtissue	 ﾠwithin	 ﾠthe	 ﾠbowel	 ﾠwall	 ﾠ(Borley	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ
Despite	 ﾠthe	 ﾠknowledge	 ﾠof	 ﾠthe	 ﾠexistence	 ﾠof	 ﾠfat	 ﾠwrapping	 ﾠin	 ﾠCrohn’s	 ﾠdisease,	 ﾠvery	 ﾠ
little	 ﾠattention	 ﾠhas	 ﾠbeen	 ﾠdevoted	 ﾠto	 ﾠstudying	 ﾠit	 ﾠ(Desreumaux	 ﾠet	 ﾠal.,	 ﾠ1999)	 ﾠuntil	 ﾠthe	 ﾠ
last	 ﾠ decade	 ﾠ when	 ﾠ adipose	 ﾠ tissue	 ﾠ was	 ﾠ discovered	 ﾠ to	 ﾠ be	 ﾠ an	 ﾠ endocrine	 ﾠ organ.	 ﾠ
Histologically	 ﾠthe	 ﾠmesenteric	 ﾠfat	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠis	 ﾠmarkedly	 ﾠinfiltrated	 ﾠwith	 ﾠ
macrophages	 ﾠand	 ﾠT	 ﾠlymphocytes.	 ﾠIn	 ﾠaddition	 ﾠthe	 ﾠthickened	 ﾠmesentery	 ﾠis	 ﾠdue	 ﾠto	 ﾠ
hyperplasia	 ﾠ of	 ﾠ adipocytes,	 ﾠ which	 ﾠ have	 ﾠ been	 ﾠ reported	 ﾠ to	 ﾠ be	 ﾠ 75%	 ﾠ smaller	 ﾠ than	 ﾠ
controls	 ﾠ(Yamamoto	 ﾠet	 ﾠal.,	 ﾠ2005,	 ﾠPeyrin-ﾭ‐Biroulet	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠThis	 ﾠis	 ﾠin	 ﾠcontrast	 ﾠto	 ﾠ
increased	 ﾠvisceral	 ﾠfat	 ﾠof	 ﾠobesity	 ﾠwhere	 ﾠadipocytes	 ﾠare	 ﾠenlarged	 ﾠand	 ﾠthe	 ﾠtissue	 ﾠis	 ﾠ
hypertrophic.	 ﾠIt	 ﾠremains	 ﾠunclear	 ﾠwhether	 ﾠmesenteric	 ﾠthickening	 ﾠis	 ﾠa	 ﾠprimary	 ﾠor	 ﾠ
secondary	 ﾠevent	 ﾠin	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠthere	 ﾠis	 ﾠa	 ﾠclear	 ﾠlack	 ﾠof	 ﾠ
understanding	 ﾠregarding	 ﾠthe	 ﾠcause	 ﾠof	 ﾠits	 ﾠdevelopment.	 ﾠ
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1.9  Overexpression	 ﾠof	 ﾠmediators	 ﾠfrom	 ﾠCrohn’s	 ﾠmesenteric	 ﾠtissue	 ﾠ
Significant	 ﾠoverexpression	 ﾠof	 ﾠcytokines	 ﾠand	 ﾠadipokines	 ﾠhave	 ﾠbeen	 ﾠdescribed	 ﾠfrom	 ﾠ
the	 ﾠmesenteric	 ﾠadipose	 ﾠtissue	 ﾠof	 ﾠpatients	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠincluding	 ﾠleptin,	 ﾠ
adiponectin,	 ﾠresistin,	 ﾠIL-ﾭ‐6	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠand	 ﾠthis	 ﾠconfirms	 ﾠthat	 ﾠthe	 ﾠfat	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠ
the	 ﾠ pathogenesis	 ﾠ of	 ﾠ Crohn’s	 ﾠ disease	 ﾠ (Paul	 ﾠ et	 ﾠ al.,	 ﾠ 2006,	 ﾠ Batra	 ﾠ et	 ﾠ al.,	 ﾠ 2009).	 ﾠ
Experimental	 ﾠmodels	 ﾠof	 ﾠcolitis	 ﾠin	 ﾠmice	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠduring	 ﾠacute	 ﾠinflammation,	 ﾠ
the	 ﾠ mesenteric	 ﾠ adipose	 ﾠ tissue	 ﾠ is	 ﾠ infiltrated	 ﾠ with	 ﾠ macrophages	 ﾠ with	 ﾠ raised	 ﾠ
expression	 ﾠ of	 ﾠ TNF,	 ﾠ IL-ﾭ‐6,	 ﾠ MCP-ﾭ‐1	 ﾠ (Karagiannides	 ﾠ et	 ﾠ al.,	 ﾠ 2006,	 ﾠ Koon	 ﾠ et	 ﾠ al.,	 ﾠ 2009),	 ﾠ
however	 ﾠmesenteric	 ﾠthickening	 ﾠand	 ﾠfat	 ﾠwrapping	 ﾠwere	 ﾠnot	 ﾠseen,	 ﾠpresumably	 ﾠdue	 ﾠ
to	 ﾠthe	 ﾠshort	 ﾠduration	 ﾠof	 ﾠthe	 ﾠinflammation.	 ﾠ	 ﾠ
The	 ﾠ abnormal	 ﾠ production	 ﾠ of	 ﾠ adipokines	 ﾠ and	 ﾠ cytokines	 ﾠ from	 ﾠ the	 ﾠ mesenteric	 ﾠ
adipose	 ﾠtissue	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠpatients	 ﾠhas	 ﾠbeen	 ﾠreported	 ﾠby	 ﾠmany	 ﾠgroups	 ﾠand	 ﾠ
those	 ﾠmost	 ﾠrelevant	 ﾠto	 ﾠthis	 ﾠthesis	 ﾠwill	 ﾠbe	 ﾠdescribed.	 ﾠ	 ﾠ
1.9.1  IL-ﾭ‐6	 ﾠ
IL-ﾭ‐6	 ﾠ is	 ﾠ a	 ﾠ 21-ﾭ‐18-ﾭ‐kDa	 ﾠ peptide	 ﾠ released	 ﾠ from	 ﾠ a	 ﾠ wide	 ﾠ variety	 ﾠ of	 ﾠ sources	 ﾠ including	 ﾠ
monocytes,	 ﾠmacrophages,	 ﾠT	 ﾠcells,	 ﾠmast	 ﾠcells,	 ﾠfibroblasts,	 ﾠtumour	 ﾠcells,	 ﾠendothelial	 ﾠ
cells,	 ﾠepithelial	 ﾠcells,	 ﾠkeratinocytes,	 ﾠskeletal	 ﾠmuscle	 ﾠand	 ﾠadipose	 ﾠtissue	 ﾠ(Van	 ﾠSnick,	 ﾠ
1990,	 ﾠPedersen	 ﾠet	 ﾠal.,	 ﾠ2001,	 ﾠMohamed-ﾭ‐Ali	 ﾠet	 ﾠal.,	 ﾠ1997).	 ﾠLipopolysaccharide	 ﾠ(LPS)	 ﾠ
induces	 ﾠ IL-ﾭ‐6	 ﾠ release	 ﾠ from	 ﾠ macrophages	 ﾠ along	 ﾠ with	 ﾠ viral	 ﾠ infections	 ﾠ and	 ﾠ other	 ﾠ
cytokines	 ﾠ such	 ﾠ as	 ﾠ TNFα.	 ﾠ (Nordan	 ﾠ and	 ﾠ Potter,	 ﾠ 1986,	 ﾠ Sehgal	 ﾠ et	 ﾠ al.,	 ﾠ 1988).	 ﾠ IL-ﾭ‐1β	 ﾠ
induces	 ﾠIL-ﾭ‐6	 ﾠsecretion	 ﾠfrom	 ﾠadipocytes	 ﾠ(Flower	 ﾠet	 ﾠal.,	 ﾠ2003)	 ﾠand	 ﾠthere	 ﾠis	 ﾠgreater	 ﾠ
release	 ﾠfrom	 ﾠomental	 ﾠthan	 ﾠsubcutaneous	 ﾠdeposits	 ﾠin	 ﾠobesity	 ﾠ(Fried	 ﾠet	 ﾠal.,	 ﾠ1998).	 ﾠ
Repression	 ﾠof	 ﾠIL-ﾭ‐6	 ﾠrelease	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠshown	 ﾠby	 ﾠglucocorticoids	 ﾠ(Fried	 ﾠet	 ﾠal.,	 ﾠ
1998).	 ﾠ
Il-ﾭ‐6	 ﾠis	 ﾠcritical	 ﾠto	 ﾠthe	 ﾠacute	 ﾠphase	 ﾠresponse	 ﾠthat	 ﾠfollows	 ﾠinjury	 ﾠor	 ﾠinfection.	 ﾠThe	 ﾠ
pathway	 ﾠinvolves	 ﾠthe	 ﾠlocal	 ﾠrelease	 ﾠof	 ﾠinflammatory	 ﾠmediators	 ﾠincluding	 ﾠIL-ﾭ‐6,	 ﾠIL-ﾭ‐1β,	 ﾠ
TNFα	 ﾠ and	 ﾠ interferons	 ﾠ that	 ﾠ then	 ﾠ result	 ﾠ in	 ﾠ a	 ﾠ systemic	 ﾠ response	 ﾠ involving	 ﾠ fever,	 ﾠ
lymphocyte	 ﾠproliferation	 ﾠand	 ﾠthe	 ﾠrelease	 ﾠof	 ﾠacute	 ﾠphase	 ﾠproteins	 ﾠfrom	 ﾠthe	 ﾠliver.	 ﾠ
There	 ﾠis	 ﾠpartial	 ﾠredundancy	 ﾠwithin	 ﾠthis	 ﾠpathway	 ﾠand	 ﾠaddition	 ﾠof	 ﾠany	 ﾠone	 ﾠof	 ﾠthese	 ﾠ
cytokines	 ﾠ will	 ﾠ induce	 ﾠ at	 ﾠ least	 ﾠ partially	 ﾠ the	 ﾠ response	 ﾠ (Darlington	 ﾠ et	 ﾠ al.,	 ﾠ 1986).	 ﾠ
Although	 ﾠTNFα	 ﾠand	 ﾠIL-ﾭ‐1β	 ﾠwill	 ﾠcause	 ﾠmost	 ﾠof	 ﾠthe	 ﾠresponse	 ﾠonly	 ﾠIL-ﾭ‐6	 ﾠcan	 ﾠinduce	 ﾠthe	 ﾠ
entire	 ﾠpathway	 ﾠand	 ﾠstimulate	 ﾠrelease	 ﾠof	 ﾠall	 ﾠof	 ﾠthe	 ﾠacute	 ﾠphase	 ﾠproteins.	 ﾠIL-ﾭ‐6	 ﾠis	 ﾠalso	 ﾠ
required	 ﾠ for	 ﾠ B-ﾭ‐cell	 ﾠ differentiation,	 ﾠ and	 ﾠ T-ﾭ‐cell	 ﾠ activation	 ﾠ and	 ﾠ proliferation	 ﾠ (Van	 ﾠ	 ﾠ 44	 ﾠ
Snick,	 ﾠ 1990).	 ﾠ 	 ﾠ Multiple	 ﾠ factors	 ﾠ have	 ﾠ been	 ﾠ reported	 ﾠ that	 ﾠ upregulate	 ﾠ IL-ﾭ‐6	 ﾠ from	 ﾠ
adipocytes	 ﾠincluding	 ﾠβ-ﾭ‐adrenoceptor	 ﾠstimulation	 ﾠ(Mohamed-ﾭ‐Ali	 ﾠet	 ﾠal.,	 ﾠ2001),	 ﾠIL-ﾭ‐1	 ﾠβ	 ﾠ
(Flower	 ﾠet	 ﾠal.,	 ﾠ2003),	 ﾠcatecholamines	 ﾠand	 ﾠinsulin	 ﾠ(Vicennati	 ﾠet	 ﾠal.,	 ﾠ2002),	 ﾠTNFα	 ﾠand	 ﾠ
exercise	 ﾠ (Lyngso	 ﾠ et	 ﾠ al.,	 ﾠ 2002).	 ﾠ It	 ﾠ has	 ﾠ also	 ﾠ been	 ﾠ suggested	 ﾠ that	 ﾠ adipocyte	 ﾠ IL-ﾭ‐6	 ﾠ
release	 ﾠis	 ﾠnot	 ﾠaffected	 ﾠby	 ﾠfood	 ﾠintake	 ﾠ(Orban	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ
Il-ﾭ‐6	 ﾠis	 ﾠclearly	 ﾠa	 ﾠpro-ﾭ‐inflammatory	 ﾠcytokine	 ﾠand	 ﾠis	 ﾠreleased	 ﾠby	 ﾠadipose	 ﾠtissue.	 ﾠIn	 ﾠ
Crohn’s	 ﾠdisease	 ﾠit	 ﾠwould	 ﾠbe	 ﾠexpected	 ﾠthat	 ﾠIL-ﾭ‐6	 ﾠsecretion	 ﾠfrom	 ﾠmesenteric	 ﾠadipose	 ﾠ
tissue	 ﾠ involved	 ﾠ in	 ﾠ ‘fat	 ﾠ wrapping’	 ﾠ would	 ﾠ be	 ﾠ elevated.	 ﾠ However	 ﾠ a	 ﾠ 2006	 ﾠ study	 ﾠ
comparing	 ﾠ mesenteric	 ﾠ fat	 ﾠ from	 ﾠ diverticular,	 ﾠ colon	 ﾠ cancer	 ﾠ and	 ﾠ Crohn’s	 ﾠ bowel	 ﾠ
resections	 ﾠfound	 ﾠa	 ﾠdecreasing	 ﾠrate	 ﾠof	 ﾠIL-ﾭ‐6	 ﾠrelease	 ﾠrespectively	 ﾠ(Paul	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠ
1.9.2  Leptin	 ﾠ
Leptin	 ﾠis	 ﾠa	 ﾠ16-ﾭ‐kDa	 ﾠnon-ﾭ‐glycosylated	 ﾠanorexia	 ﾠpeptide,	 ﾠwhich	 ﾠmodulates	 ﾠappetite,	 ﾠ
body	 ﾠweight	 ﾠand	 ﾠfat	 ﾠstorage	 ﾠ(Vaisse	 ﾠet	 ﾠal.,	 ﾠ1996).	 ﾠIt	 ﾠhas	 ﾠa	 ﾠhelical	 ﾠstructure	 ﾠwith	 ﾠ
close	 ﾠ resemblance	 ﾠ to	 ﾠ Il-ﾭ‐6	 ﾠ (La	 ﾠ Cava	 ﾠ and	 ﾠ Matarese,	 ﾠ 2004).	 ﾠ Concentrations	 ﾠ of	 ﾠ
circulating	 ﾠleptin	 ﾠincrease	 ﾠproportionally	 ﾠwith	 ﾠBMI	 ﾠ(Frederich	 ﾠet	 ﾠal.,	 ﾠ1995)	 ﾠand	 ﾠ
with	 ﾠage	 ﾠ(Li	 ﾠet	 ﾠal.,	 ﾠ1997).	 ﾠLeptin	 ﾠdeficiency	 ﾠor	 ﾠdysfunction	 ﾠof	 ﾠthe	 ﾠleptin	 ﾠreceptor	 ﾠ
Ob-ﾭ‐Rb	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠmorbid	 ﾠobesity	 ﾠin	 ﾠhumans	 ﾠand	 ﾠmice.	 ﾠLeptin	 ﾠreceptors	 ﾠare	 ﾠ
expressed	 ﾠin	 ﾠmultiple	 ﾠtissues	 ﾠthroughout	 ﾠthe	 ﾠbody	 ﾠincluding	 ﾠthe	 ﾠbrain	 ﾠand	 ﾠcentral	 ﾠ
nervous	 ﾠsystem	 ﾠ(Campfield	 ﾠet	 ﾠal.,	 ﾠ1996).	 ﾠ
Congenital	 ﾠleptin	 ﾠdeficiency	 ﾠleads	 ﾠto	 ﾠimpaired	 ﾠT-ﾭ‐cell	 ﾠproliferation	 ﾠand	 ﾠan	 ﾠincreased	 ﾠ
mortality	 ﾠ from	 ﾠ childhood	 ﾠ infections	 ﾠ (Farooqi	 ﾠ et	 ﾠ al.,	 ﾠ 2002).	 ﾠ Murine	 ﾠ models	 ﾠ of	 ﾠ
inflammation	 ﾠ have	 ﾠ shown	 ﾠ that	 ﾠ leptin	 ﾠ deficiency	 ﾠ provides	 ﾠ a	 ﾠ protective	 ﾠ effect,	 ﾠ
including	 ﾠmodels	 ﾠof	 ﾠexperimental	 ﾠcolitis	 ﾠ(Siegmund	 ﾠet	 ﾠal.,	 ﾠ2002,	 ﾠSiegmund,	 ﾠ2004).	 ﾠ
Studies	 ﾠhave	 ﾠalso	 ﾠshown	 ﾠthat	 ﾠleptin	 ﾠenhances	 ﾠlymphocyte	 ﾠactivation,	 ﾠexpression	 ﾠof	 ﾠ
adhesion	 ﾠmolecules	 ﾠand	 ﾠcytokine	 ﾠproduction.	 ﾠLeptin	 ﾠincreases	 ﾠthe	 ﾠproduction	 ﾠof	 ﾠ
pro-ﾭ‐inflammatory	 ﾠ cytokines	 ﾠ from	 ﾠ macrophages	 ﾠ and	 ﾠ stimulates	 ﾠ phagocytosis	 ﾠ
(Loffreda	 ﾠet	 ﾠal.,	 ﾠ1998,	 ﾠGainsford	 ﾠet	 ﾠal.,	 ﾠ1996).	 ﾠIt	 ﾠalso	 ﾠpromotes	 ﾠthe	 ﾠT-ﾭ‐helper	 ﾠcell	 ﾠ
Type	 ﾠ1	 ﾠresponse	 ﾠand	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠT-ﾭ‐helper	 ﾠcell	 ﾠtype	 ﾠ2	 ﾠdevelopment	 ﾠ(Batra	 ﾠet	 ﾠal.,	 ﾠ
2010).	 ﾠLeptin	 ﾠalso	 ﾠstimulates	 ﾠlipolysis	 ﾠ(Aprath-ﾭ‐Husmann	 ﾠet	 ﾠal.,	 ﾠ2001).	 ﾠIn	 ﾠthis	 ﾠway	 ﾠ
leptin	 ﾠcan	 ﾠbe	 ﾠconsidered	 ﾠto	 ﾠbe	 ﾠpro-ﾭ‐inflammatory	 ﾠwith	 ﾠthe	 ﾠcapacity	 ﾠto	 ﾠmodulate	 ﾠ
both	 ﾠ adaptive	 ﾠ and	 ﾠ innate	 ﾠ immunity	 ﾠ (La	 ﾠ Cava	 ﾠ and	 ﾠ Matarese,	 ﾠ 2004,	 ﾠ Batra	 ﾠ et	 ﾠ al.,	 ﾠ
2009).	 ﾠLeptin	 ﾠmRNA	 ﾠ(Desreumaux	 ﾠet	 ﾠal.,	 ﾠ1999)	 ﾠand	 ﾠprotein	 ﾠoverexpression	 ﾠ(Paul	 ﾠ
et	 ﾠal.,	 ﾠ2006)	 ﾠhas	 ﾠbeen	 ﾠreported	 ﾠin	 ﾠthe	 ﾠmesenteric	 ﾠfat	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠpatients.	 ﾠ	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1.9.3  MCP-ﾭ‐1	 ﾠ
MCP-ﾭ‐1	 ﾠis	 ﾠa	 ﾠ13-ﾭ‐15	 ﾠkDa	 ﾠchemokine	 ﾠknown	 ﾠfor	 ﾠits	 ﾠability	 ﾠas	 ﾠa	 ﾠpotent	 ﾠchemoattractant	 ﾠ
and	 ﾠ activator	 ﾠ of	 ﾠ monocytes	 ﾠ and	 ﾠ macrophages.	 ﾠ It	 ﾠ is	 ﾠ induced	 ﾠ by	 ﾠ multiple	 ﾠ
inflammatory	 ﾠmediators,	 ﾠincluding	 ﾠIL-ﾭ‐1β,	 ﾠTNFα	 ﾠand	 ﾠIL-ﾭ‐6.	 ﾠMultiple	 ﾠcell	 ﾠtypes	 ﾠhave	 ﾠ
been	 ﾠshown	 ﾠto	 ﾠproduce	 ﾠMCP-ﾭ‐1	 ﾠincluding	 ﾠmononuclear	 ﾠcells,	 ﾠmast	 ﾠcells,	 ﾠT	 ﾠcells,	 ﾠ
osteoblasts,	 ﾠ fibroblasts,	 ﾠ endothelial	 ﾠ cells,	 ﾠ bone	 ﾠ marrow	 ﾠ stromal	 ﾠ cells,	 ﾠ epithelial	 ﾠ
cells,	 ﾠmicroglia,	 ﾠastrocytes	 ﾠand	 ﾠsmooth	 ﾠmuscle	 ﾠcells.	 ﾠMCP-ﾭ‐1	 ﾠis	 ﾠalso	 ﾠreleased	 ﾠby	 ﾠthe	 ﾠ
stromavascular	 ﾠ fraction	 ﾠ of	 ﾠ adipose	 ﾠ tissue,	 ﾠ pre-ﾭ‐adipocytes	 ﾠ and	 ﾠ isolated	 ﾠ mature	 ﾠ
adipocytes	 ﾠ (Gerhardt	 ﾠ et	 ﾠ al.,	 ﾠ 2001,	 ﾠ Xu	 ﾠ et	 ﾠ al.,	 ﾠ 2003).	 ﾠ It	 ﾠ can	 ﾠ be	 ﾠ considered	 ﾠ pro-ﾭ‐
inflammatory	 ﾠand	 ﾠcirculating	 ﾠlevels	 ﾠare	 ﾠhigher	 ﾠin	 ﾠpatients	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠ
(Herfarth	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠStudies	 ﾠinto	 ﾠobesity	 ﾠhave	 ﾠfound	 ﾠgreater	 ﾠlevels	 ﾠof	 ﾠMCP-ﾭ‐1	 ﾠin	 ﾠ
visceral	 ﾠcompared	 ﾠto	 ﾠsubcutaneous	 ﾠadipose	 ﾠtissue	 ﾠ(Bruun	 ﾠet	 ﾠal.,	 ﾠ2005),	 ﾠhowever	 ﾠin	 ﾠ
Paul’s	 ﾠstudy	 ﾠtotal	 ﾠMCP-ﾭ‐1	 ﾠsecretion	 ﾠfrom	 ﾠwhole	 ﾠmesenteric	 ﾠadipose	 ﾠtissue	 ﾠdid	 ﾠnot	 ﾠ
differ	 ﾠ between	 ﾠ Crohn’s	 ﾠ disease,	 ﾠ colorectal	 ﾠ cancer	 ﾠ and	 ﾠ diverticulitis	 ﾠ (Paul	 ﾠ et	 ﾠ al.,	 ﾠ
2006).	 ﾠ
1.9.4  Other	 ﾠknown	 ﾠraised	 ﾠadipokines	 ﾠin	 ﾠCrohn’s	 ﾠmesentery	 ﾠ
Levels	 ﾠof	 ﾠthe	 ﾠadiponectin	 ﾠmRNA	 ﾠand	 ﾠprotein	 ﾠare	 ﾠincreased	 ﾠin	 ﾠthickened	 ﾠCrohn’s	 ﾠ
disease	 ﾠaffected	 ﾠmesentery	 ﾠ(Yamamoto	 ﾠet	 ﾠal.,	 ﾠ2005)	 ﾠalthough	 ﾠthe	 ﾠimplications	 ﾠof	 ﾠ
this	 ﾠfinding	 ﾠare	 ﾠnot	 ﾠclear	 ﾠ(Fantuzzi,	 ﾠ2008)	 ﾠgiven	 ﾠthat	 ﾠthere	 ﾠis	 ﾠno	 ﾠconsensus	 ﾠon	 ﾠ
whether	 ﾠthe	 ﾠprotein	 ﾠis	 ﾠpro	 ﾠor	 ﾠanti-ﾭ‐inflammatory.	 ﾠCirculating	 ﾠresistin	 ﾠlevels	 ﾠare	 ﾠalso	 ﾠ
raised	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠin	 ﾠclose	 ﾠrelation	 ﾠto	 ﾠthe	 ﾠdegree	 ﾠof	 ﾠdisease	 ﾠactivity	 ﾠand	 ﾠ
resistin	 ﾠ mRNA	 ﾠ is	 ﾠ also	 ﾠ overexpressed	 ﾠ in	 ﾠ the	 ﾠ Crohn’s	 ﾠ mesenteric	 ﾠ fat.	 ﾠ However,	 ﾠ
resistin	 ﾠis	 ﾠalso	 ﾠraised	 ﾠin	 ﾠulcerative	 ﾠcolitis	 ﾠand	 ﾠdiverticulitis	 ﾠso	 ﾠis	 ﾠnot	 ﾠspecific	 ﾠto	 ﾠfat	 ﾠ
wrapping	 ﾠ(Paul	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠ
1.9.5  Mesenteric	 ﾠbacterial	 ﾠtranslocation	 ﾠ
It	 ﾠ is	 ﾠ also	 ﾠ known	 ﾠ from	 ﾠ studies	 ﾠ of	 ﾠ Crohn’s	 ﾠ mesenteric	 ﾠ fat	 ﾠ that	 ﾠ most	 ﾠ total	 ﾠ viable	 ﾠ
bacteria	 ﾠwithin	 ﾠthe	 ﾠadipose	 ﾠtissue	 ﾠare	 ﾠlocated	 ﾠwithin	 ﾠadipocytes	 ﾠ(Gay	 ﾠet	 ﾠal.,	 ﾠ2005)	 ﾠ
and	 ﾠ that	 ﾠ adipocytes	 ﾠ can	 ﾠ respond	 ﾠ to	 ﾠ microbial	 ﾠ antigens	 ﾠ (Cousin	 ﾠ et	 ﾠ al.,	 ﾠ 1999)	 ﾠ
through	 ﾠ their	 ﾠ ability	 ﾠ to	 ﾠ express	 ﾠ pattern	 ﾠ recognition	 ﾠ receptors	 ﾠ such	 ﾠ as	 ﾠ Toll-ﾭ‐like	 ﾠ
receptors	 ﾠ and	 ﾠ NOD	 ﾠ proteins.	 ﾠ Pre-ﾭ‐adipocytes	 ﾠ are	 ﾠ also	 ﾠ able	 ﾠ to	 ﾠ convert	 ﾠ into	 ﾠ
macrophages	 ﾠ(Charriere	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠA	 ﾠrecent	 ﾠstudy	 ﾠdemonstrated	 ﾠthat	 ﾠbacterial	 ﾠ
translocation	 ﾠinto	 ﾠadipocytes	 ﾠcontributes	 ﾠto	 ﾠthe	 ﾠinflammatory	 ﾠresponse	 ﾠin	 ﾠCrohn’s	 ﾠ
disease	 ﾠthorough	 ﾠC-ﾭ‐reactive	 ﾠprotein	 ﾠproduction	 ﾠ(Peyrin-ﾭ‐Biroulet	 ﾠet	 ﾠal.,	 ﾠ2011).	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It	 ﾠ has	 ﾠ therefore	 ﾠ been	 ﾠ suggested	 ﾠ that	 ﾠ mesenteric	 ﾠ thickening	 ﾠ instead	 ﾠ of	 ﾠ being	 ﾠ
secondary	 ﾠ to	 ﾠ transmural	 ﾠ inflammation	 ﾠ and	 ﾠ cytokines	 ﾠ released	 ﾠ by	 ﾠ lymphoid	 ﾠ
aggregates	 ﾠ may	 ﾠ actually	 ﾠ be	 ﾠ due	 ﾠ to	 ﾠ bacterial	 ﾠ translocation.	 ﾠ There	 ﾠ may	 ﾠ be	 ﾠ an	 ﾠ
alternative	 ﾠ sequence	 ﾠ to	 ﾠ Crohn’s	 ﾠ pathogenesis.	 ﾠ A	 ﾠ different	 ﾠ hypothesis	 ﾠ has	 ﾠ been	 ﾠ
proposed	 ﾠ where	 ﾠ an	 ﾠ initial	 ﾠ mucosal	 ﾠ insult	 ﾠ leads	 ﾠ to	 ﾠ bacterial	 ﾠ translocation	 ﾠ and	 ﾠ
mesenteric	 ﾠ hyperplasia.	 ﾠ Persistent	 ﾠ bacterial	 ﾠ infection	 ﾠ within	 ﾠ mesenteric	 ﾠ lymph	 ﾠ
nodes	 ﾠ leads	 ﾠ to	 ﾠ lymphangiectasia	 ﾠ and	 ﾠ lymphangitis	 ﾠ with	 ﾠ retrograde	 ﾠ travel	 ﾠ of	 ﾠ
inflammatory	 ﾠmediators	 ﾠresulting	 ﾠin	 ﾠmucosal	 ﾠulceration	 ﾠat	 ﾠthe	 ﾠmesenteric	 ﾠborder	 ﾠ
(Behr,	 ﾠ2010).	 ﾠ	 ﾠThis	 ﾠmodel	 ﾠwould	 ﾠbe	 ﾠconsistent	 ﾠwith	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠdiscontinuous	 ﾠ
mucosal	 ﾠulceration	 ﾠseen	 ﾠbeneath	 ﾠthe	 ﾠmesentery.	 ﾠHowever,	 ﾠa	 ﾠrecent	 ﾠstudy	 ﾠfound	 ﾠ
that	 ﾠadipokines	 ﾠmodulate	 ﾠthe	 ﾠmacrophage	 ﾠcompartment	 ﾠtowards	 ﾠthe	 ﾠM2	 ﾠsubtype	 ﾠ
and	 ﾠthe	 ﾠauthors	 ﾠcontend	 ﾠthat	 ﾠthis	 ﾠsuggests	 ﾠa	 ﾠprotective	 ﾠrole	 ﾠfor	 ﾠthe	 ﾠwrapping	 ﾠfat	 ﾠ
(Kredel	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ
1.9.6  Mesenteric	 ﾠlymph	 ﾠnodes	 ﾠ
Indeed	 ﾠit	 ﾠmay	 ﾠbe	 ﾠthat	 ﾠadipose	 ﾠtissue	 ﾠis	 ﾠfundamental	 ﾠto	 ﾠthe	 ﾠimmune	 ﾠfunction	 ﾠof	 ﾠ
lymph	 ﾠnodes	 ﾠwithin	 ﾠthe	 ﾠmesentery	 ﾠwith	 ﾠadipocytes	 ﾠsupplying	 ﾠfatty	 ﾠacids	 ﾠto	 ﾠthe	 ﾠ
lymphocytes	 ﾠ(Pond,	 ﾠ2003).	 ﾠ	 ﾠIt	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠthat	 ﾠchronic	 ﾠinflammation	 ﾠof	 ﾠgreater	 ﾠ
than	 ﾠ six	 ﾠ weeks	 ﾠ duration	 ﾠ can	 ﾠ accelerate	 ﾠ maturation	 ﾠ of	 ﾠ adipocytes	 ﾠ around	 ﾠ an	 ﾠ
experimentally	 ﾠ stimulated	 ﾠ lymph	 ﾠ node,	 ﾠ leading	 ﾠ to	 ﾠ hypertrophy	 ﾠ of	 ﾠ the	 ﾠ adipose	 ﾠ
tissue	 ﾠ(Mattacks	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠThe	 ﾠeffect	 ﾠwas	 ﾠmore	 ﾠmarked	 ﾠin	 ﾠanimals	 ﾠfed	 ﾠwith	 ﾠa	 ﾠ
higher	 ﾠfat	 ﾠintake.	 ﾠA	 ﾠhuman	 ﾠstudy	 ﾠfound	 ﾠhigher	 ﾠlevels	 ﾠof	 ﾠunsaturated	 ﾠfatty	 ﾠacids	 ﾠin	 ﾠ
perinodal	 ﾠadipose	 ﾠtissue	 ﾠcompared	 ﾠwith	 ﾠother	 ﾠdepots	 ﾠbut	 ﾠthese	 ﾠdifferences	 ﾠwere	 ﾠ
not	 ﾠreplicated	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠpatients	 ﾠ(Westcott	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠThe	 ﾠsame	 ﾠstudy	 ﾠ
also	 ﾠfound	 ﾠdepleted	 ﾠlevels	 ﾠof	 ﾠPUFAs	 ﾠwithin	 ﾠthe	 ﾠadipose	 ﾠand	 ﾠlymphoid	 ﾠtissue	 ﾠof	 ﾠ
patients	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠmarked	 ﾠdecrease	 ﾠin	 ﾠn-ﾭ‐6	 ﾠPUFAs	 ﾠwithin	 ﾠlymphoid	 ﾠ
tissue.	 ﾠThe	 ﾠresearchers	 ﾠsuggested	 ﾠthat	 ﾠthis	 ﾠis	 ﾠdue	 ﾠto	 ﾠa	 ﾠparacrine	 ﾠdefect	 ﾠbetween	 ﾠ
perinodal	 ﾠ adipose	 ﾠ tissue	 ﾠ and	 ﾠ lymph	 ﾠ nodes	 ﾠ in	 ﾠ patients	 ﾠ with	 ﾠ Crohn’s	 ﾠ disease	 ﾠ
(Westcott	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠThere	 ﾠare	 ﾠsignificant	 ﾠsite-ﾭ‐specific	 ﾠdifferences	 ﾠin	 ﾠmesenteric	 ﾠ
and	 ﾠomental	 ﾠdepots	 ﾠwhere	 ﾠthe	 ﾠtissue	 ﾠcontains	 ﾠgreater	 ﾠamounts	 ﾠof	 ﾠlymphoid	 ﾠtissue,	 ﾠ
either	 ﾠin	 ﾠthe	 ﾠform	 ﾠof	 ﾠlymph	 ﾠnodes	 ﾠor	 ﾠmilky	 ﾠwhite	 ﾠspots	 ﾠin	 ﾠomentum	 ﾠor	 ﾠa	 ﾠgreater	 ﾠ
stroma-ﾭ‐vascular	 ﾠ fraction	 ﾠ and	 ﾠ this	 ﾠ may	 ﾠ explain	 ﾠ large	 ﾠ variance	 ﾠ seen	 ﾠ later	 ﾠ in	 ﾠ the	 ﾠ
thesis.	 ﾠAlthough	 ﾠthe	 ﾠmedical	 ﾠliterature	 ﾠhas	 ﾠtypically	 ﾠfound	 ﾠn-ﾭ‐3	 ﾠfatty	 ﾠacids	 ﾠto	 ﾠbe	 ﾠanti-ﾭ‐
inflammatory	 ﾠ this	 ﾠ finding	 ﾠ may	 ﾠ explain	 ﾠ why	 ﾠ some	 ﾠ n-ﾭ‐6	 ﾠ studies	 ﾠ of	 ﾠ elemental	 ﾠ diet	 ﾠ
found	 ﾠclinical	 ﾠbenefit	 ﾠ(O'Morain	 ﾠet	 ﾠal.,	 ﾠ1984,	 ﾠGassull	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠOne	 ﾠhypothesis	 ﾠto	 ﾠ	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explain	 ﾠthis	 ﾠrelationship	 ﾠbetween	 ﾠPUFAs,	 ﾠlymph	 ﾠnodes,	 ﾠperinodal	 ﾠadipocytes	 ﾠand	 ﾠ
mesenteric	 ﾠ hyperplasia	 ﾠ in	 ﾠ Crohn’s	 ﾠ disease	 ﾠ suggests	 ﾠ that	 ﾠ PUFAs	 ﾠ from	 ﾠ perinodal	 ﾠ
adipocytes	 ﾠ activate	 ﾠ the	 ﾠ lymphoid	 ﾠ cells	 ﾠ of	 ﾠ the	 ﾠ adjoining	 ﾠ node	 ﾠ and	 ﾠ so	 ﾠ chronic	 ﾠ
stimulation	 ﾠleads	 ﾠto	 ﾠfat	 ﾠaccumulation	 ﾠ(Pond,	 ﾠ2001).	 ﾠ
Given	 ﾠthe	 ﾠpaucity	 ﾠto	 ﾠdate	 ﾠof	 ﾠresearch	 ﾠinto	 ﾠmesenteric	 ﾠfat	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠits	 ﾠrole	 ﾠ
in	 ﾠthe	 ﾠaetiology	 ﾠand	 ﾠpathogenesis	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠcan	 ﾠonly	 ﾠbe	 ﾠspeculated	 ﾠupon.	 ﾠ
But	 ﾠ there	 ﾠ is	 ﾠ clear	 ﾠ evidence	 ﾠ that	 ﾠ it	 ﾠ actively	 ﾠ contributes	 ﾠ to	 ﾠ the	 ﾠ intestinal	 ﾠ and	 ﾠ
systemic	 ﾠinflammatory	 ﾠresponses	 ﾠin	 ﾠCrohn’s	 ﾠdisease.	 ﾠIt	 ﾠmay	 ﾠbe	 ﾠthat	 ﾠfat-ﾭ‐wrapping	 ﾠ
develops	 ﾠduring	 ﾠsub-ﾭ‐clinical	 ﾠperiods	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠin	 ﾠresponse	 ﾠto	 ﾠbacterial	 ﾠ
translocation.	 ﾠPerhaps	 ﾠit	 ﾠis	 ﾠan	 ﾠeffort	 ﾠto	 ﾠcontain	 ﾠthe	 ﾠspread	 ﾠof	 ﾠpathogens	 ﾠand	 ﾠto	 ﾠ
prevent	 ﾠ systemic	 ﾠ infection	 ﾠ through	 ﾠ phagocytosis	 ﾠ whilst	 ﾠ not	 ﾠ exerting	 ﾠ a	 ﾠ high	 ﾠ
inflammatory	 ﾠ response.	 ﾠ Adipocytes	 ﾠ isolated	 ﾠ from	 ﾠ thickened	 ﾠ Crohn’s	 ﾠ disease	 ﾠ
mesenteric	 ﾠfat	 ﾠand	 ﾠnon-ﾭ‐inflamed	 ﾠmesenteric	 ﾠfat	 ﾠdo	 ﾠnot	 ﾠrespond	 ﾠto	 ﾠthe	 ﾠsame	 ﾠToll-ﾭ‐
like	 ﾠreceptor	 ﾠligands	 ﾠand	 ﾠthose	 ﾠadipocytes	 ﾠfrom	 ﾠthe	 ﾠinflamed	 ﾠtissue	 ﾠare	 ﾠtolerant	 ﾠto	 ﾠ
lipopolysaccharide	 ﾠ stimulation	 ﾠ (Kopp	 ﾠ et	 ﾠ al.,	 ﾠ 2010).	 ﾠ This	 ﾠ might	 ﾠ suggest	 ﾠ that	 ﾠ the	 ﾠ
inflammatory	 ﾠresponse	 ﾠin	 ﾠmesenteric	 ﾠadipose	 ﾠtissue	 ﾠcan	 ﾠbe	 ﾠshut	 ﾠdown	 ﾠ(Drouet	 ﾠet	 ﾠ
al.,	 ﾠ2012).	 ﾠ	 ﾠThere	 ﾠis	 ﾠcertainly	 ﾠmore	 ﾠto	 ﾠbe	 ﾠdiscovered	 ﾠin	 ﾠthis	 ﾠregard.	 ﾠ
1.10 Therapeutic	 ﾠlipids	 ﾠ
The	 ﾠintimate	 ﾠrelationship	 ﾠbetween	 ﾠadipose	 ﾠtissue	 ﾠphysiology	 ﾠand	 ﾠlipid	 ﾠintake	 ﾠwith	 ﾠ
Crohn’s	 ﾠdisease	 ﾠhas	 ﾠbeen	 ﾠoutlined	 ﾠabove.	 ﾠBut	 ﾠthere	 ﾠis	 ﾠalso	 ﾠplenty	 ﾠof	 ﾠinterest	 ﾠin	 ﾠ
whether	 ﾠdisease	 ﾠactivity	 ﾠcan	 ﾠbe	 ﾠmodulated	 ﾠusing	 ﾠPUFAs	 ﾠtherapeutically.	 ﾠThis	 ﾠhas	 ﾠ
mostly	 ﾠconcentrated	 ﾠon	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠsince	 ﾠtheir	 ﾠhigh	 ﾠintake	 ﾠwas	 ﾠepidemiologically	 ﾠ
observed	 ﾠto	 ﾠbe	 ﾠof	 ﾠbenefit	 ﾠin	 ﾠEskimo	 ﾠpopulations	 ﾠ(Kromann	 ﾠand	 ﾠGreen,	 ﾠ1980).	 ﾠN-ﾭ‐3	 ﾠ
PUFAs,	 ﾠ particularly	 ﾠ EPA	 ﾠ and	 ﾠ DHA,	 ﾠ have	 ﾠ since	 ﾠ been	 ﾠ shown	 ﾠ to	 ﾠ have	 ﾠ many	 ﾠ anti-ﾭ‐
inflammatory	 ﾠproperties	 ﾠ(Calder,	 ﾠ2006,	 ﾠCalder,	 ﾠ2009).	 ﾠBy	 ﾠmechanisms	 ﾠmentioned	 ﾠ
previously	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠusually	 ﾠadministered	 ﾠfrom	 ﾠfish	 ﾠoil	 ﾠresult	 ﾠin	 ﾠincorporation	 ﾠof	 ﾠ
EPA	 ﾠand	 ﾠreduction	 ﾠof	 ﾠAA	 ﾠin	 ﾠmembrane	 ﾠphospholipids	 ﾠand	 ﾠan	 ﾠaccording	 ﾠreduction	 ﾠ
in	 ﾠthe	 ﾠproduction	 ﾠof	 ﾠpro-ﾭ‐inflammatory	 ﾠeicosanoids	 ﾠand	 ﾠincreased	 ﾠsynthesis	 ﾠof	 ﾠanti-ﾭ‐
inflammatory	 ﾠ equivalents.	 ﾠ A	 ﾠ reduction	 ﾠ in	 ﾠ resolvins	 ﾠ created	 ﾠ from	 ﾠ DHA	 ﾠ and	 ﾠ EPA	 ﾠ
with	 ﾠanti-ﾭ‐inflammatory	 ﾠproperties	 ﾠhas	 ﾠbeen	 ﾠreported	 ﾠ(Weylandt	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠN-ﾭ‐3	 ﾠ
PUFAs	 ﾠalso	 ﾠlead	 ﾠto	 ﾠa	 ﾠdiminution	 ﾠof	 ﾠpro-ﾭ‐inflammatory	 ﾠcytokine	 ﾠsynthesis	 ﾠ(TNF-ﾭ‐α,	 ﾠIl-ﾭ‐
1β,	 ﾠIl-ﾭ‐6	 ﾠand	 ﾠIl-ﾭ‐8)	 ﾠthrough	 ﾠeither	 ﾠdecreased	 ﾠnuclear	 ﾠtranscription	 ﾠfactors	 ﾠ(NF-ﾭ‐κβ)	 ﾠor	 ﾠ
PPAR-ﾭ‐γ	 ﾠupregulation,	 ﾠlead	 ﾠto	 ﾠdiminished	 ﾠleukocyte	 ﾠchemotaxis	 ﾠand	 ﾠreduce	 ﾠT-ﾭ‐cell	 ﾠ
reactivity	 ﾠ(Calder,	 ﾠ2006,	 ﾠCalder,	 ﾠ2009).	 ﾠIt	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠshown	 ﾠthat	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠare	 ﾠ	 ﾠ 48	 ﾠ
incorporated	 ﾠto	 ﾠinflamed	 ﾠbowel	 ﾠmucosa	 ﾠ(Hillier	 ﾠet	 ﾠal.,	 ﾠ1991,	 ﾠMcCall	 ﾠet	 ﾠal.,	 ﾠ1989)	 ﾠ
and	 ﾠthat	 ﾠthey	 ﾠare	 ﾠprotective	 ﾠin	 ﾠanimal	 ﾠmodels	 ﾠof	 ﾠintestinal	 ﾠinflammation	 ﾠ(Vilaseca	 ﾠ
et	 ﾠal.,	 ﾠ1990,	 ﾠNieto	 ﾠet	 ﾠal.,	 ﾠ2002,	 ﾠCamuesco	 ﾠet	 ﾠal.,	 ﾠ2005,	 ﾠKono	 ﾠet	 ﾠal.,	 ﾠ2010b).	 ﾠSome	 ﾠ
studies	 ﾠhave	 ﾠreported	 ﾠlow	 ﾠlevels	 ﾠof	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠwithin	 ﾠpatients	 ﾠwith	 ﾠIBD	 ﾠ(Siguel	 ﾠand	 ﾠ
Lerman,	 ﾠ 1996,	 ﾠ Kuroki	 ﾠ et	 ﾠ al.,	 ﾠ 1997)	 ﾠ but	 ﾠ this	 ﾠ depletion	 ﾠ was	 ﾠ not	 ﾠ found	 ﾠ to	 ﾠ be	 ﾠ
reproducible	 ﾠby	 ﾠother	 ﾠstudies	 ﾠ(Esteve-ﾭ‐Comas	 ﾠet	 ﾠal.,	 ﾠ1993,	 ﾠFernandez-ﾭ‐Banares	 ﾠet	 ﾠal.,	 ﾠ
1997,	 ﾠFigler	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ
1.10.1 N-ﾭ‐3	 ﾠPUFA	 ﾠuse	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠ
A	 ﾠrecent	 ﾠsystematic	 ﾠreview	 ﾠof	 ﾠn-ﾭ‐3	 ﾠPUFA	 ﾠtherapeutic	 ﾠuse	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠwas	 ﾠ
undertaken	 ﾠ (Cabre	 ﾠ et	 ﾠ al.,	 ﾠ 2012).	 ﾠ In	 ﾠ active	 ﾠ Crohn’s	 ﾠ disease	 ﾠ two	 ﾠ randomized	 ﾠ
controlled	 ﾠtrials	 ﾠwere	 ﾠconsidered	 ﾠeligible	 ﾠwith	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠadministered	 ﾠin	 ﾠenteral	 ﾠ
formulas	 ﾠ either	 ﾠ as	 ﾠ supplements	 ﾠ or	 ﾠ total	 ﾠ enteral	 ﾠ nutrition	 ﾠ (Nielsen	 ﾠ et	 ﾠ al.,	 ﾠ 2005,	 ﾠ
Grogan	 ﾠ et	 ﾠ al.,	 ﾠ 2012).	 ﾠ Neither	 ﾠ showed	 ﾠ any	 ﾠ significant	 ﾠ difference	 ﾠ toward	 ﾠ n-ﾭ‐3	 ﾠ
enriched	 ﾠformulae	 ﾠimproving	 ﾠdisease	 ﾠactivity	 ﾠor	 ﾠinducing	 ﾠremission.	 ﾠIn	 ﾠquiescent	 ﾠ
Crohn’s	 ﾠdisease	 ﾠsix	 ﾠstudies	 ﾠwere	 ﾠeligible	 ﾠ(Belluzzi	 ﾠet	 ﾠal.,	 ﾠ1996,	 ﾠLorenz-ﾭ‐Meyer	 ﾠet	 ﾠal.,	 ﾠ
1996){Belluzzi	 ﾠ A	 ﾠ 1997}(Romano	 ﾠ et	 ﾠ al.,	 ﾠ 2005,	 ﾠ Feagan	 ﾠ et	 ﾠ al.,	 ﾠ 2008).	 ﾠ N-ﾭ‐3	 ﾠ PUFA	 ﾠ
supplements	 ﾠ were	 ﾠ used	 ﾠ to	 ﾠ maintain	 ﾠ remission	 ﾠ or	 ﾠ to	 ﾠ prevent	 ﾠ postoperative	 ﾠ
recurrence	 ﾠof	 ﾠCrohn’s	 ﾠdisease.	 ﾠThe	 ﾠpaediatric	 ﾠstudy	 ﾠ(Romano	 ﾠet	 ﾠal.,	 ﾠ2005)	 ﾠshowed	 ﾠ
a	 ﾠsignificant	 ﾠbenefit	 ﾠwith	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠbut	 ﾠthe	 ﾠrelapse	 ﾠrate	 ﾠwas	 ﾠinexplicably	 ﾠhigh	 ﾠand	 ﾠ
Belluzzi	 ﾠalso	 ﾠshowed	 ﾠa	 ﾠsignificant	 ﾠbenefit	 ﾠthat	 ﾠthe	 ﾠother	 ﾠlarger	 ﾠstudies	 ﾠcould	 ﾠnot	 ﾠ
replicate	 ﾠ(Lorenz-ﾭ‐Meyer	 ﾠet	 ﾠal.,	 ﾠ1996,	 ﾠFeagan	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠN-ﾭ‐3	 ﾠPUFAs	 ﾠwere	 ﾠalso	 ﾠ
shown	 ﾠto	 ﾠhave	 ﾠno	 ﾠeffect	 ﾠon	 ﾠpostoperative	 ﾠrecurrence	 ﾠrate.	 ﾠThe	 ﾠoverall	 ﾠconclusion	 ﾠ
of	 ﾠthe	 ﾠreview	 ﾠwas	 ﾠthat	 ﾠthere	 ﾠwas	 ﾠinsufficient	 ﾠevidence	 ﾠto	 ﾠmake	 ﾠa	 ﾠrecommendation	 ﾠ
regarding	 ﾠ the	 ﾠ usefulness	 ﾠ of	 ﾠ n-ﾭ‐3	 ﾠ PUFAs	 ﾠ in	 ﾠ Crohn’s	 ﾠ disease	 ﾠ citing	 ﾠ mainly	 ﾠ
methodological	 ﾠ flaws	 ﾠ in	 ﾠ the	 ﾠ study	 ﾠ designs,	 ﾠ in	 ﾠ particular	 ﾠ the	 ﾠ lack	 ﾠ of	 ﾠ use	 ﾠ of	 ﾠ an	 ﾠ
adequately	 ﾠinert	 ﾠplacebo.	 ﾠ
Although	 ﾠthe	 ﾠgeneral	 ﾠweight	 ﾠof	 ﾠscientific	 ﾠliterature	 ﾠconsiders	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠto	 ﾠbe	 ﾠanti-ﾭ‐
inflammatory	 ﾠ in	 ﾠ their	 ﾠ effect	 ﾠ in	 ﾠ comparison	 ﾠ to	 ﾠ n-ﾭ‐6	 ﾠ PUFAs,	 ﾠ other	 ﾠ studies	 ﾠ have	 ﾠ
reported	 ﾠ that	 ﾠ n-ﾭ‐6	 ﾠ PUFAs	 ﾠ are	 ﾠ beneficial.	 ﾠ Gassull	 ﾠ performed	 ﾠ a	 ﾠ double-ﾭ‐blind	 ﾠ
randomized	 ﾠ controlled	 ﾠ trial	 ﾠ which	 ﾠ showed	 ﾠ that	 ﾠ a	 ﾠ polymeric	 ﾠ enteral	 ﾠ feed	 ﾠ
supplemented	 ﾠ with	 ﾠ n-ﾭ‐6	 ﾠ PUFAs	 ﾠ resulted	 ﾠ in	 ﾠ an	 ﾠ improved	 ﾠ remission	 ﾠ rate	 ﾠ in	 ﾠ
comparison	 ﾠto	 ﾠthe	 ﾠsame	 ﾠfeed	 ﾠwith	 ﾠadded	 ﾠmonounsaturated	 ﾠfatty	 ﾠacids	 ﾠ(Gassull	 ﾠet	 ﾠ
al.,	 ﾠ2002).	 ﾠ	 ﾠ	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1.11 Digestion	 ﾠand	 ﾠAbsorption	 ﾠof	 ﾠfat	 ﾠfrom	 ﾠthe	 ﾠintestine	 ﾠ
If	 ﾠdietary	 ﾠfat	 ﾠis	 ﾠfundamental	 ﾠto	 ﾠthe	 ﾠpathogenesis	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠor	 ﾠif	 ﾠPUFAs	 ﾠare	 ﾠ
the	 ﾠtherapeutic	 ﾠagent	 ﾠwithin	 ﾠelemental	 ﾠfeed,	 ﾠit	 ﾠuseful	 ﾠto	 ﾠconsider	 ﾠthe	 ﾠphysiological	 ﾠ
processes	 ﾠbehind	 ﾠthe	 ﾠdigestion	 ﾠand	 ﾠabsorption	 ﾠof	 ﾠfat.	 ﾠHydrolysis	 ﾠof	 ﾠtriacylglycerols	 ﾠ
is	 ﾠ initiated	 ﾠ by	 ﾠ lingual	 ﾠ and	 ﾠ gastric	 ﾠ lipases,	 ﾠ which	 ﾠ break	 ﾠ these	 ﾠ into	 ﾠ 1,2	 ﾠ –	 ﾠ
diacylglycerols	 ﾠand	 ﾠshort	 ﾠchain	 ﾠfatty	 ﾠacids,	 ﾠbut	 ﾠthe	 ﾠdominant	 ﾠsite	 ﾠof	 ﾠfat	 ﾠdigestion	 ﾠis	 ﾠ
in	 ﾠthe	 ﾠsmall	 ﾠintestine.	 ﾠLipids	 ﾠare	 ﾠhydrophobic	 ﾠand	 ﾠpoorly	 ﾠwater-ﾭ‐soluble	 ﾠbut	 ﾠlipase	 ﾠ
is	 ﾠ water-ﾭ‐soluble	 ﾠ and	 ﾠ can	 ﾠ therefore	 ﾠ only	 ﾠ work	 ﾠ at	 ﾠ the	 ﾠ surface	 ﾠ of	 ﾠ fat	 ﾠ globlules.	 ﾠ
Emulsification	 ﾠof	 ﾠfat	 ﾠby	 ﾠbile	 ﾠsalts	 ﾠwithin	 ﾠthe	 ﾠduodenum	 ﾠand	 ﾠthe	 ﾠchurning	 ﾠperistaltic	 ﾠ
movements	 ﾠof	 ﾠthe	 ﾠsmall	 ﾠintestine	 ﾠallow	 ﾠpancreatic	 ﾠlipases	 ﾠto	 ﾠact	 ﾠupon	 ﾠa	 ﾠgreater	 ﾠ
surface	 ﾠarea	 ﾠof	 ﾠfat	 ﾠand	 ﾠthus	 ﾠimprove	 ﾠdigestion.	 ﾠThe	 ﾠarrival	 ﾠof	 ﾠa	 ﾠfatty	 ﾠbolus	 ﾠof	 ﾠfood	 ﾠ
in	 ﾠ the	 ﾠ duodenum	 ﾠ stimulates	 ﾠ the	 ﾠ release	 ﾠ of	 ﾠ cholecystokinin,	 ﾠ pancreozymin	 ﾠ and	 ﾠ
secretin,	 ﾠ which	 ﾠ result	 ﾠ in	 ﾠ the	 ﾠ secretion	 ﾠ of	 ﾠ bile	 ﾠ and	 ﾠ pancreatic	 ﾠ enzymes.	 ﾠ
Monoglycerides	 ﾠand	 ﾠfatty	 ﾠacids	 ﾠassociate	 ﾠwith	 ﾠbile	 ﾠsalts	 ﾠand	 ﾠphospholipids	 ﾠto	 ﾠform	 ﾠ
micelles.	 ﾠ	 ﾠShort	 ﾠand	 ﾠmedium-ﾭ‐chain	 ﾠfatty	 ﾠacids	 ﾠare	 ﾠabsorbed	 ﾠdirectly	 ﾠinto	 ﾠthe	 ﾠblood	 ﾠ
via	 ﾠintestine	 ﾠcapillaries	 ﾠand	 ﾠtravel	 ﾠthrough	 ﾠthe	 ﾠportal	 ﾠvein	 ﾠto	 ﾠthe	 ﾠliver.	 ﾠThe	 ﾠmicelles	 ﾠ
transport	 ﾠ the	 ﾠ poorly	 ﾠ soluble	 ﾠ monoglycerides	 ﾠ and	 ﾠ long-ﾭ‐chain	 ﾠ fatty	 ﾠ acids	 ﾠ to	 ﾠ the	 ﾠ
surface	 ﾠof	 ﾠthe	 ﾠenterocyte	 ﾠwhere	 ﾠthey	 ﾠare	 ﾠabsorbed.	 ﾠBecause	 ﾠmonoglycerides	 ﾠand	 ﾠ
fatty	 ﾠ acids	 ﾠ are	 ﾠ nonpolar	 ﾠ they	 ﾠ are	 ﾠ able	 ﾠ to	 ﾠ diffuse	 ﾠ freely	 ﾠ across	 ﾠ the	 ﾠ plasma	 ﾠ
membrane	 ﾠ of	 ﾠ the	 ﾠ enterocyte.	 ﾠ Within	 ﾠ enterocytes	 ﾠ the	 ﾠ monoglycerides	 ﾠ and	 ﾠ fatty	 ﾠ
acids	 ﾠare	 ﾠre-ﾭ‐synthesised	 ﾠinto	 ﾠtriacylglycerols,	 ﾠwhich	 ﾠare	 ﾠpackaged	 ﾠwith	 ﾠcholesterol	 ﾠ
and	 ﾠ fat-ﾭ‐soluble	 ﾠ vitamins	 ﾠ into	 ﾠ chylomicrons,	 ﾠ lipoproteins	 ﾠ that	 ﾠ transport	 ﾠ lipids	 ﾠ
within	 ﾠthe	 ﾠcirculation.	 ﾠThese	 ﾠare	 ﾠreleased	 ﾠat	 ﾠthe	 ﾠbasolateral	 ﾠsurface	 ﾠof	 ﾠenterocytes	 ﾠ
and	 ﾠ being	 ﾠ too	 ﾠ large	 ﾠ to	 ﾠ enter	 ﾠ capillaries,	 ﾠ chylomicrons	 ﾠ enter	 ﾠ lacteals,	 ﾠ which	 ﾠ are	 ﾠ
lymphatic	 ﾠcapillaries	 ﾠwithin	 ﾠthe	 ﾠvilli.	 ﾠChylomicrons	 ﾠenter	 ﾠthe	 ﾠcirculation	 ﾠvia	 ﾠthe	 ﾠ
lymphatic	 ﾠsystem	 ﾠat	 ﾠthe	 ﾠthoracic	 ﾠduct	 ﾠavoiding	 ﾠfirst	 ﾠpass	 ﾠliver	 ﾠmetabolism.	 ﾠThis	 ﾠ
absorption	 ﾠof	 ﾠmicelles	 ﾠand	 ﾠbile	 ﾠsalts	 ﾠoccurs	 ﾠpredominantly	 ﾠin	 ﾠthe	 ﾠterminal	 ﾠileum,	 ﾠ
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1.12 Aims	 ﾠand	 ﾠObjectives	 ﾠ
The	 ﾠaims	 ﾠof	 ﾠthis	 ﾠstudy	 ﾠare	 ﾠto:	 ﾠ
•  improve	 ﾠ knowledge	 ﾠ and	 ﾠ understanding	 ﾠ of	 ﾠ the	 ﾠ changes	 ﾠ occurring	 ﾠ
within	 ﾠmesenteric	 ﾠfat	 ﾠin	 ﾠCrohn’s	 ﾠdisease.	 ﾠ
•  analyse	 ﾠ the	 ﾠ direct	 ﾠ effects	 ﾠ of	 ﾠ different	 ﾠ PUFA	 ﾠ concentrations	 ﾠ within	 ﾠ
elemental	 ﾠformulae	 ﾠon	 ﾠadipose	 ﾠtissue	 ﾠwith	 ﾠa	 ﾠview	 ﾠto	 ﾠtheir	 ﾠprimary	 ﾠ
therapeutic	 ﾠuse	 ﾠin	 ﾠadults.	 ﾠ
The	 ﾠ hypothesis	 ﾠ is:	 ﾠ fat	 ﾠ content	 ﾠ of	 ﾠ elemental	 ﾠ feeds	 ﾠ has	 ﾠ a	 ﾠ direct	 ﾠ effect	 ﾠ on	 ﾠ the	 ﾠ
inflammatory	 ﾠresponse	 ﾠof	 ﾠCrohn’s	 ﾠmesenteric	 ﾠadipose	 ﾠtissue	 ﾠin	 ﾠvitro.	 ﾠThis	 ﾠwill	 ﾠbe	 ﾠ
tested	 ﾠby	 ﾠcollecting	 ﾠfresh	 ﾠadipose	 ﾠtissue	 ﾠand	 ﾠincubating	 ﾠit	 ﾠwith	 ﾠelemental	 ﾠfeeds	 ﾠof	 ﾠ
contrasting	 ﾠcomposition	 ﾠand	 ﾠanalyzing	 ﾠthe	 ﾠsolutions	 ﾠfor	 ﾠvariance	 ﾠin	 ﾠinflammatory	 ﾠ
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2.1  Study	 ﾠdesign	 ﾠ
There	 ﾠare	 ﾠcertain	 ﾠinherent	 ﾠdifficulties	 ﾠin	 ﾠstudying	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠthese	 ﾠin	 ﾠpart	 ﾠ
may	 ﾠexplain	 ﾠwhy	 ﾠdespite	 ﾠeighty	 ﾠyears	 ﾠof	 ﾠeffort	 ﾠthe	 ﾠaetiology	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠ
remains	 ﾠunclear.	 ﾠAs	 ﾠyet	 ﾠno	 ﾠrepresentative	 ﾠanimal	 ﾠmodel	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠexists.	 ﾠ
As	 ﾠthe	 ﾠcause	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠis	 ﾠunknown	 ﾠand	 ﾠit	 ﾠis	 ﾠa	 ﾠchronic	 ﾠdisease,	 ﾠattempts	 ﾠto	 ﾠ
replicate	 ﾠ it	 ﾠ in	 ﾠ an	 ﾠ animal	 ﾠ have	 ﾠ been	 ﾠ consistently	 ﾠ flawed.	 ﾠ Animal	 ﾠ models	 ﾠ of	 ﾠ
chemically	 ﾠinduced	 ﾠcolitis	 ﾠusing	 ﾠdextran	 ﾠsulphate	 ﾠsodium	 ﾠ(DSS),	 ﾠtrinitro	 ﾠbenzene	 ﾠ
sulfonic	 ﾠacid	 ﾠ(TNBS)	 ﾠor	 ﾠdinitrobenzene	 ﾠsulfonic	 ﾠacid	 ﾠ(DNBS)	 ﾠare	 ﾠwell	 ﾠestablished	 ﾠ
(Wirtz	 ﾠet	 ﾠal.,	 ﾠ2007)	 ﾠand	 ﾠare	 ﾠused	 ﾠpredominantly	 ﾠfor	 ﾠresearch	 ﾠinto	 ﾠulcerative	 ﾠcolitis.	 ﾠ
A	 ﾠrecent	 ﾠattempt	 ﾠto	 ﾠinduce	 ﾠfat	 ﾠwrapping	 ﾠin	 ﾠa	 ﾠDNBS	 ﾠmouse	 ﾠmodel	 ﾠfailed	 ﾠ(Olivier	 ﾠet	 ﾠ
al.,	 ﾠ 2011).	 ﾠ Non-ﾭ‐epidemiological	 ﾠ research	 ﾠ into	 ﾠ Crohn’s	 ﾠ disease	 ﾠ therefore	 ﾠ
necessitates	 ﾠthe	 ﾠuse	 ﾠof	 ﾠhuman	 ﾠsubjects	 ﾠor	 ﾠhuman	 ﾠtissue	 ﾠand	 ﾠthis	 ﾠrequires	 ﾠethical	 ﾠ
approval.	 ﾠ
Another	 ﾠdifficulty	 ﾠin	 ﾠanalysing	 ﾠCrohn’s	 ﾠdisease	 ﾠtissue	 ﾠis	 ﾠfinding	 ﾠcomparative	 ﾠtissue	 ﾠ
to	 ﾠuse	 ﾠas	 ﾠa	 ﾠcontrol.	 ﾠPatients	 ﾠwithout	 ﾠa	 ﾠsignificant	 ﾠhealth	 ﾠproblem	 ﾠdo	 ﾠnot	 ﾠundergo	 ﾠ
bowel	 ﾠ resection	 ﾠ surgery.	 ﾠ Therefore	 ﾠ control	 ﾠ patients	 ﾠ must	 ﾠ undergo	 ﾠ removal	 ﾠ of	 ﾠ
bowel	 ﾠfor	 ﾠa	 ﾠseparate	 ﾠdisease.	 ﾠTo	 ﾠbe	 ﾠthe	 ﾠideal	 ﾠcontrol	 ﾠthe	 ﾠsame	 ﾠsegment	 ﾠwould	 ﾠbe	 ﾠ
removed	 ﾠbut	 ﾠthis	 ﾠcontrol	 ﾠsegment	 ﾠof	 ﾠbowel	 ﾠshould	 ﾠbe	 ﾠunaffected	 ﾠby	 ﾠany	 ﾠdisease	 ﾠ
process.	 ﾠ
In	 ﾠCrohn’s	 ﾠdisease,	 ﾠthe	 ﾠterminal	 ﾠileum	 ﾠis	 ﾠthe	 ﾠmost	 ﾠcommonly	 ﾠaffected	 ﾠsegment	 ﾠand	 ﾠ
also	 ﾠthe	 ﾠmost	 ﾠcommonly	 ﾠresected.	 ﾠThe	 ﾠterminal	 ﾠileum	 ﾠis	 ﾠalso	 ﾠfrequently	 ﾠaffected	 ﾠby	 ﾠ
fat	 ﾠ wrapping	 ﾠ and	 ﾠ by	 ﾠ mesenteric	 ﾠ thickening.	 ﾠ Fortunately	 ﾠ for	 ﾠ this	 ﾠ study,	 ﾠ
gastrointestinal	 ﾠ surgical	 ﾠ techniques	 ﾠ that	 ﾠ involve	 ﾠ resection	 ﾠ of	 ﾠ the	 ﾠ right	 ﾠ colon	 ﾠ
require	 ﾠresection	 ﾠof	 ﾠthe	 ﾠileocaecal	 ﾠvalve	 ﾠto	 ﾠenable	 ﾠan	 ﾠanastomosis	 ﾠof	 ﾠthe	 ﾠtwo	 ﾠcut	 ﾠ
ends	 ﾠof	 ﾠbowel	 ﾠ(See	 ﾠFigure	 ﾠ4).	 ﾠResection	 ﾠof	 ﾠthe	 ﾠileocaecal	 ﾠvalve	 ﾠnecessitates	 ﾠthe	 ﾠ
resection	 ﾠof	 ﾠat	 ﾠleast	 ﾠ10cm	 ﾠof	 ﾠthe	 ﾠdistal	 ﾠterminal	 ﾠileum,	 ﾠthe	 ﾠsame	 ﾠsegment	 ﾠof	 ﾠbowel	 ﾠ
that	 ﾠ is	 ﾠ most	 ﾠ commonly	 ﾠ affected	 ﾠ by	 ﾠ Crohn’s	 ﾠ disease.	 ﾠ There	 ﾠ are	 ﾠ therefore	 ﾠ many	 ﾠ
gastrointestinal	 ﾠ diseases	 ﾠ affecting	 ﾠ the	 ﾠ colon	 ﾠ alone	 ﾠ that	 ﾠ necessitate	 ﾠ resection	 ﾠ of	 ﾠ
normal	 ﾠterminal	 ﾠileum	 ﾠand	 ﾠthese	 ﾠcan	 ﾠbe	 ﾠused	 ﾠas	 ﾠcontrols.	 ﾠ
	 ﾠ




Figure	 ﾠ 4	 ﾠ A	 ﾠ diagram	 ﾠ demonstrating	 ﾠ the	 ﾠ bowel	 ﾠ resected	 ﾠ during	 ﾠ a	 ﾠ right	 ﾠ
hemicolectomy.	 ﾠ
	 ﾠ
By	 ﾠdefinition	 ﾠpatients	 ﾠundergoing	 ﾠcolectomy	 ﾠare	 ﾠstill	 ﾠnot	 ﾠperfect	 ﾠcontrols	 ﾠbecause	 ﾠ
the	 ﾠpatients	 ﾠare	 ﾠnot	 ﾠhealthy,	 ﾠhowever	 ﾠthese	 ﾠare	 ﾠthe	 ﾠclosest	 ﾠconceivable	 ﾠcontrols	 ﾠ
that	 ﾠ are	 ﾠ ethically	 ﾠ acceptable.	 ﾠ The	 ﾠ most	 ﾠ common	 ﾠ diseases	 ﾠ in	 ﾠ our	 ﾠ hospital	 ﾠ that	 ﾠ
require	 ﾠ right	 ﾠ hemicolectomy	 ﾠ or	 ﾠ total	 ﾠ colectomy	 ﾠ other	 ﾠ than	 ﾠ Crohn’s	 ﾠ disease,	 ﾠ in	 ﾠ
respective	 ﾠ order	 ﾠ of	 ﾠ frequency,	 ﾠ are	 ﾠ colorectal	 ﾠ cancer	 ﾠ and	 ﾠ ulcerative	 ﾠ colitis.	 ﾠ
Occasionally	 ﾠthese	 ﾠsame	 ﾠresections	 ﾠare	 ﾠperformed	 ﾠfor	 ﾠdiseases	 ﾠof	 ﾠthe	 ﾠappendix,	 ﾠ
functional	 ﾠdisorders,	 ﾠtrauma,	 ﾠdiverticulosis	 ﾠand	 ﾠother	 ﾠrarities	 ﾠbut	 ﾠthese	 ﾠcases	 ﾠare	 ﾠ
not	 ﾠsufficiently	 ﾠfrequent	 ﾠto	 ﾠbe	 ﾠhelpful	 ﾠin	 ﾠthis	 ﾠstudy.	 ﾠ
Colorectal	 ﾠcancer	 ﾠis	 ﾠcommon	 ﾠand	 ﾠmany	 ﾠmore	 ﾠright	 ﾠhemicolectomies	 ﾠare	 ﾠperformed	 ﾠ
for	 ﾠ cancer	 ﾠ than	 ﾠ for	 ﾠ Crohn’s	 ﾠ disease.	 ﾠ But	 ﾠ for	 ﾠ a	 ﾠ number	 ﾠ of	 ﾠ scientific	 ﾠ and	 ﾠ ethical	 ﾠ
reasons,	 ﾠuse	 ﾠof	 ﾠtissue	 ﾠfrom	 ﾠcancer	 ﾠpatients	 ﾠis	 ﾠnot	 ﾠappropriate	 ﾠfor	 ﾠthis	 ﾠstudy.	 ﾠFirstly	 ﾠ
patients	 ﾠundergoing	 ﾠresection	 ﾠfor	 ﾠcolorectal	 ﾠcancer	 ﾠin	 ﾠour	 ﾠcentre	 ﾠare	 ﾠon	 ﾠaverage	 ﾠ
twice	 ﾠthe	 ﾠage	 ﾠ(78yrs)	 ﾠof	 ﾠthose	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠ(36yrs)	 ﾠand	 ﾠulcerative	 ﾠcolitis	 ﾠ
(37yrs).	 ﾠIt	 ﾠwould	 ﾠbe	 ﾠhard	 ﾠto	 ﾠaccurately	 ﾠinterpret	 ﾠdifferences	 ﾠbetween	 ﾠthe	 ﾠadipose	 ﾠ
tissue	 ﾠdepots	 ﾠof	 ﾠpatients	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠor	 ﾠcolorectal	 ﾠcancer	 ﾠwith	 ﾠsuch	 ﾠa	 ﾠ
wide	 ﾠ age	 ﾠ difference.	 ﾠ Similarly	 ﾠ cancers	 ﾠ can	 ﾠ cause	 ﾠ systemic	 ﾠ paraneoplastic	 ﾠ
syndromes	 ﾠthrough	 ﾠthe	 ﾠautonomous	 ﾠrelease	 ﾠof	 ﾠhumoral	 ﾠor	 ﾠimmunologic	 ﾠfactors	 ﾠ	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and	 ﾠ this	 ﾠ may	 ﾠ discretely	 ﾠ blur	 ﾠ the	 ﾠ interpretation	 ﾠ of	 ﾠ any	 ﾠ findings.	 ﾠ Secondly,	 ﾠ the	 ﾠ
prognosis	 ﾠ and	 ﾠ further	 ﾠ management	 ﾠ of	 ﾠ colorectal	 ﾠ cancer	 ﾠ after	 ﾠ resection	 ﾠ is	 ﾠ
dependent	 ﾠon	 ﾠthe	 ﾠhistologic	 ﾠfindings.	 ﾠThe	 ﾠanalysis	 ﾠof	 ﾠcancerous	 ﾠinvolvement	 ﾠof	 ﾠ
mesenteric	 ﾠ lymph	 ﾠ nodes	 ﾠ is	 ﾠ paramount	 ﾠ for	 ﾠ management	 ﾠ decisions	 ﾠ regarding	 ﾠ
adjuvant	 ﾠchemotherapy	 ﾠand	 ﾠestimating	 ﾠprognosis.	 ﾠTampering	 ﾠwith	 ﾠor	 ﾠremoving	 ﾠ
some	 ﾠof	 ﾠthis	 ﾠtissue	 ﾠmay	 ﾠtherefore	 ﾠdetrimentally	 ﾠaffect	 ﾠthe	 ﾠclinical	 ﾠoutcome	 ﾠof	 ﾠthe	 ﾠ
patient	 ﾠand	 ﾠso	 ﾠethically	 ﾠit	 ﾠis	 ﾠnot	 ﾠacceptable.	 ﾠ	 ﾠ
The	 ﾠremaining	 ﾠpotential	 ﾠcontrol	 ﾠgroup	 ﾠpatients	 ﾠundergoing	 ﾠcolectomy	 ﾠare	 ﾠthose	 ﾠ
with	 ﾠulcerative	 ﾠcolitis,	 ﾠtraumatic	 ﾠrupture,	 ﾠbenign	 ﾠappendiceal	 ﾠdisease,	 ﾠlarge	 ﾠright-ﾭ‐
sided	 ﾠpolyps	 ﾠcontaining	 ﾠcarcinoma-ﾭ‐in-ﾭ‐situ	 ﾠor	 ﾠfunctional	 ﾠbowel	 ﾠdisorders.	 ﾠRelative	 ﾠ
to	 ﾠulcerative	 ﾠcolitis	 ﾠthe	 ﾠother	 ﾠconditions	 ﾠare	 ﾠrare	 ﾠso	 ﾠit	 ﾠwas	 ﾠdecided	 ﾠthat	 ﾠtissue	 ﾠfrom	 ﾠ
ulcerative	 ﾠcolitics	 ﾠwould	 ﾠbe	 ﾠthe	 ﾠprimary	 ﾠcontrols.	 ﾠAs	 ﾠpreviously	 ﾠmentioned	 ﾠthere	 ﾠis	 ﾠ
considerable	 ﾠoverlap	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠinflammatory	 ﾠbowel	 ﾠdiseases	 ﾠhowever	 ﾠby	 ﾠ
definition	 ﾠulcerative	 ﾠcolitis	 ﾠis	 ﾠconfined	 ﾠto	 ﾠthe	 ﾠcolon.	 ﾠThe	 ﾠterminal	 ﾠilea	 ﾠof	 ﾠulcerative	 ﾠ
colitics	 ﾠ ought	 ﾠ not	 ﾠ to	 ﾠ be	 ﾠ affected	 ﾠ by	 ﾠ the	 ﾠ disease	 ﾠ process.	 ﾠ Rarely	 ﾠ patients	 ﾠ with	 ﾠ
ulcerative	 ﾠ colitis	 ﾠ can	 ﾠ develop	 ﾠ ‘backwash	 ﾠ ileitis’.	 ﾠ The	 ﾠ patient’s	 ﾠ disease	 ﾠ is	 ﾠ
histologically	 ﾠ proven	 ﾠ to	 ﾠ be	 ﾠ ulcerative	 ﾠ colitis	 ﾠ affecting	 ﾠ the	 ﾠ colon,	 ﾠ but	 ﾠ the	 ﾠ distal	 ﾠ
segment	 ﾠ of	 ﾠ ileum	 ﾠ also	 ﾠ shows	 ﾠ non-ﾭ‐specific	 ﾠ mucosal	 ﾠ inflammation.	 ﾠ Fat-ﾭ‐wrapping	 ﾠ
due	 ﾠto	 ﾠbackwash	 ﾠileitis	 ﾠhas	 ﾠhowever	 ﾠnever	 ﾠbeen	 ﾠdescribed.	 ﾠ
Ethical	 ﾠ approval	 ﾠ was	 ﾠ obtained	 ﾠ from	 ﾠ the	 ﾠ North	 ﾠ West	 ﾠ London	 ﾠ Research	 ﾠ Ethics	 ﾠ
Committee	 ﾠ1	 ﾠto	 ﾠtake	 ﾠhuman	 ﾠtissue	 ﾠfor	 ﾠlaboratory	 ﾠanalysis	 ﾠand	 ﾠstorage	 ﾠof	 ﾠtissue	 ﾠfor	 ﾠ
future	 ﾠanalysis,	 ﾠincluding	 ﾠorgan	 ﾠculture,	 ﾠhistology,	 ﾠmRNA	 ﾠand	 ﾠprotein	 ﾠextraction.	 ﾠ
Three	 ﾠadipose	 ﾠdepots	 ﾠwere	 ﾠcollected:	 ﾠsubcutaneous	 ﾠfat	 ﾠ(SC),	 ﾠomental	 ﾠfat	 ﾠ(OM)	 ﾠand	 ﾠ
mesenteric	 ﾠ fat	 ﾠ (MF).	 ﾠ The	 ﾠ subcutaneous	 ﾠ fat	 ﾠ was	 ﾠ taken	 ﾠ from	 ﾠ the	 ﾠ site	 ﾠ of	 ﾠ surgical	 ﾠ
incision.	 ﾠThe	 ﾠomentum	 ﾠwas	 ﾠremoved	 ﾠwith	 ﾠthe	 ﾠspecimen.	 ﾠTo	 ﾠattempt	 ﾠto	 ﾠstandardise	 ﾠ
the	 ﾠmesenteric	 ﾠadipose	 ﾠtissue	 ﾠsample	 ﾠto	 ﾠimprove	 ﾠcomparability	 ﾠbetween	 ﾠcases,	 ﾠa	 ﾠ
2x2cm	 ﾠsample	 ﾠwas	 ﾠtaken	 ﾠapproximately	 ﾠ3cm	 ﾠfrom	 ﾠthe	 ﾠmesenteric	 ﾠborder	 ﾠand	 ﾠ3cm	 ﾠ
inferior	 ﾠto	 ﾠthe	 ﾠileocolic	 ﾠartery	 ﾠ(See	 ﾠFigure	 ﾠ5).	 ﾠ	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Figure	 ﾠ5.	 ﾠA	 ﾠphotograph	 ﾠindicating	 ﾠthe	 ﾠportion	 ﾠof	 ﾠmesentery	 ﾠremoved	 ﾠfor	 ﾠthe	 ﾠstudy	 ﾠ
(b).	 ﾠ
(a)	 ﾠand	 ﾠ(c)	 ﾠrepresent	 ﾠthe	 ﾠanatomical	 ﾠlandmarks	 ﾠused	 ﾠto	 ﾠstandardise	 ﾠthe	 ﾠposition,	 ﾠ
being	 ﾠrespectively	 ﾠthe	 ﾠileocolic	 ﾠartery	 ﾠand	 ﾠthe	 ﾠmesenteric	 ﾠborder	 ﾠof	 ﾠthe	 ﾠterminal	 ﾠ
ileum	 ﾠopposite	 ﾠthe	 ﾠterminal	 ﾠileal	 ﾠfat	 ﾠpad.	 ﾠ
2.2  Study	 ﾠPopulation	 ﾠ
2.2.1  Recruitment	 ﾠ
Patients	 ﾠeligible	 ﾠfor	 ﾠinclusion	 ﾠwere	 ﾠapproached	 ﾠafter	 ﾠthe	 ﾠdecision	 ﾠto	 ﾠoperate	 ﾠhad	 ﾠ
been	 ﾠ made.	 ﾠ These	 ﾠ patients	 ﾠ were	 ﾠ identified	 ﾠ in	 ﾠ outpatient	 ﾠ clinic,	 ﾠ the	 ﾠ
multidisciplinary	 ﾠ team	 ﾠ meeting	 ﾠ or	 ﾠ using	 ﾠ the	 ﾠ surgical	 ﾠ department	 ﾠ operations	 ﾠ
calendar.	 ﾠPatients	 ﾠwere	 ﾠthen	 ﾠeither	 ﾠapproached	 ﾠin	 ﾠclinic,	 ﾠby	 ﾠtelephone	 ﾠor	 ﾠin	 ﾠacute	 ﾠ
cases	 ﾠon	 ﾠthe	 ﾠday	 ﾠof	 ﾠsurgery	 ﾠand	 ﾠthey	 ﾠwere	 ﾠthen	 ﾠinvited	 ﾠto	 ﾠenrol	 ﾠin	 ﾠthe	 ﾠstudy.	 ﾠAt	 ﾠthis	 ﾠ
time	 ﾠthe	 ﾠpatient	 ﾠwas	 ﾠgiven	 ﾠan	 ﾠinformation	 ﾠleaflet	 ﾠand	 ﾠsigned	 ﾠa	 ﾠconsent	 ﾠform.	 ﾠData	 ﾠ
regarding	 ﾠduration	 ﾠof	 ﾠdisease,	 ﾠtreatment,	 ﾠsocial	 ﾠhistory	 ﾠand	 ﾠpast	 ﾠmedical	 ﾠhistory	 ﾠ
were	 ﾠall	 ﾠtaken	 ﾠon	 ﾠa	 ﾠstandardised	 ﾠcollection	 ﾠsheet.	 ﾠ
2.2.2  Medical	 ﾠhistory	 ﾠquestionnaire	 ﾠ
Pre-ﾭ‐operatively	 ﾠa	 ﾠform	 ﾠwas	 ﾠcompleted	 ﾠdetailing	 ﾠthe	 ﾠdisease	 ﾠtype,	 ﾠduration	 ﾠsince	 ﾠ
diagnosis,	 ﾠindication	 ﾠfor	 ﾠsurgery,	 ﾠsurgical	 ﾠprocedure,	 ﾠother	 ﾠpast	 ﾠmedical	 ﾠhistory	 ﾠ
and	 ﾠdrug	 ﾠhistory.	 ﾠ	 ﾠ
Age,	 ﾠgender,	 ﾠBMI,	 ﾠrace,	 ﾠimmigration	 ﾠstatus,	 ﾠand	 ﾠMontreal	 ﾠclassification	 ﾠdata	 ﾠwas	 ﾠ
also	 ﾠcollected.	 ﾠ
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2.2.3  Exclusion	 ﾠcriteria	 ﾠ
Patients	 ﾠwith	 ﾠone	 ﾠor	 ﾠmore	 ﾠof	 ﾠthe	 ﾠfollowing	 ﾠwere	 ﾠexcluded	 ﾠfrom	 ﾠthe	 ﾠstudy:	 ﾠ
•  Previous	 ﾠterminal	 ﾠileal	 ﾠresection	 ﾠ
•  Colorectal	 ﾠcancer	 ﾠ
•  Patients	 ﾠreceiving	 ﾠintra-ﾭ‐operative	 ﾠinotropic	 ﾠsupport	 ﾠ
•  Patients	 ﾠunwilling	 ﾠto	 ﾠprovide	 ﾠinformed	 ﾠconsent.	 ﾠ
2.2.4  Overall	 ﾠPopulation	 ﾠCharacteristics	 ﾠ




N	 ﾠ 19	 ﾠ 15	 ﾠ 3	 ﾠ
Sex	 ﾠMale:Female	 ﾠ 9:10	 ﾠ 9:6	 ﾠ 1:2	 ﾠ
Median	 ﾠAge	 ﾠ(range)	 ﾠ 31	 ﾠ(16-ﾭ‐68)	 ﾠ 35	 ﾠ(20-ﾭ‐55)	 ﾠ 67	 ﾠ(19-ﾭ‐68)	 ﾠ
BMI	 ﾠ(mean)	 ﾠ 22.8	 ﾠ 24.7	 ﾠ 25.5	 ﾠ
Ethnicity	 ﾠ (Caucasian,	 ﾠ
Afro-ﾭ‐Caribbean,	 ﾠ African,	 ﾠ
Indian	 ﾠsubcontinent)	 ﾠ
14:1:2:2	 ﾠ 13:0:0:2	 ﾠ 3:0:0:0	 ﾠ
Immigration	 ﾠ status	 ﾠ
(yes:no)	 ﾠ
2:17	 ﾠ 2:13	 ﾠ 0:3	 ﾠ
Smoker	 ﾠ(yes:no:ex)	 ﾠ 4:14:1	 ﾠ 2:12:1	 ﾠ 0:2:1	 ﾠ
Table	 ﾠ6.	 ﾠThe	 ﾠpopulation	 ﾠcharacteristics	 ﾠof	 ﾠthe	 ﾠpatients	 ﾠrecruited	 ﾠto	 ﾠthe	 ﾠstudy	 ﾠ
	 ﾠ
Operation	 ﾠ Crohn’s	 ﾠ UC	 ﾠ Other	 ﾠ
Ileocaecal	 ﾠresection	 ﾠ 5	 ﾠ 	 ﾠ 	 ﾠ
Right	 ﾠHemicolectomy	 ﾠ 7	 ﾠ 	 ﾠ 1	 ﾠ
Subtotal	 ﾠColectomy	 ﾠ 3	 ﾠ 3	 ﾠ 2	 ﾠ
Panproctocolectomy	 ﾠ 1	 ﾠ 12	 ﾠ 	 ﾠ
Small	 ﾠ bowel	 ﾠ
resection/plasty	 ﾠ
1	 ﾠ 	 ﾠ 	 ﾠ
Ileocaecal	 ﾠ and	 ﾠ sigmoid	 ﾠ
resection	 ﾠ
2	 ﾠ 	 ﾠ 	 ﾠ
Total	 ﾠ 19	 ﾠ 15	 ﾠ 3	 ﾠ
Table	 ﾠ 7.	 ﾠ The	 ﾠ operations	 ﾠ underwent	 ﾠ by	 ﾠ the	 ﾠ patients	 ﾠ to	 ﾠ enable	 ﾠ retrieval	 ﾠ of	 ﾠ the	 ﾠ
terminal	 ﾠileal	 ﾠmesenteric	 ﾠfat.	 ﾠ	 ﾠ 57	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2.2.5  Specimen	 ﾠCollection	 ﾠ
Patients	 ﾠ had	 ﾠ been	 ﾠ deliberately	 ﾠ fasted	 ﾠ prior	 ﾠ to	 ﾠ anaesthesia	 ﾠ for	 ﾠ a	 ﾠ minimum	 ﾠ of	 ﾠ 8	 ﾠ
hours.	 ﾠIntraoperative	 ﾠfasting	 ﾠtime	 ﾠprior	 ﾠto	 ﾠspecimen	 ﾠcollection	 ﾠvaried	 ﾠdepending	 ﾠ
on	 ﾠa	 ﾠmultitude	 ﾠof	 ﾠfactors	 ﾠincluding	 ﾠthe	 ﾠoperative	 ﾠtime	 ﾠand	 ﾠdifficulty	 ﾠof	 ﾠthe	 ﾠsurgery.	 ﾠ
Within	 ﾠ the	 ﾠ operating	 ﾠ theatre,	 ﾠ once	 ﾠ the	 ﾠ specimen	 ﾠ of	 ﾠ bowel	 ﾠ was	 ﾠ resected	 ﾠ it	 ﾠ was	 ﾠ
immediately	 ﾠhanded	 ﾠfrom	 ﾠthe	 ﾠsurgeon	 ﾠto	 ﾠme.	 ﾠAt	 ﾠthis	 ﾠpoint	 ﾠit	 ﾠwas	 ﾠlaid	 ﾠout	 ﾠon	 ﾠa	 ﾠ
sterile	 ﾠtrolley	 ﾠand	 ﾠphotographed,	 ﾠsee	 ﾠFigure	 ﾠ6.	 ﾠI	 ﾠthen	 ﾠresected	 ﾠa	 ﾠ2x2	 ﾠcm	 ﾠspecimen	 ﾠ
of	 ﾠ adipose	 ﾠ tissue	 ﾠ taken	 ﾠ from	 ﾠ the	 ﾠ mesentery	 ﾠ as	 ﾠ close	 ﾠ as	 ﾠ possible	 ﾠ to	 ﾠ the	 ﾠ point	 ﾠ
specified	 ﾠabove.	 ﾠThis	 ﾠwas	 ﾠplaced	 ﾠimmediately	 ﾠinto	 ﾠa	 ﾠsterile	 ﾠspecimen	 ﾠcollection	 ﾠpot	 ﾠ
containing	 ﾠ50mls	 ﾠCellGro®	 ﾠ(see	 ﾠbelow).	 ﾠA	 ﾠsample	 ﾠof	 ﾠomental	 ﾠand	 ﾠsubcutaneous	 ﾠ
adipose	 ﾠtissue	 ﾠwas	 ﾠalso	 ﾠtaken	 ﾠat	 ﾠthis	 ﾠpoint	 ﾠand	 ﾠplaced	 ﾠinto	 ﾠrespective	 ﾠsterile	 ﾠpots	 ﾠ
containing	 ﾠ50mls	 ﾠof	 ﾠCellGro®.	 ﾠOccasionally	 ﾠthere	 ﾠwas	 ﾠinsufficient	 ﾠsubcutaneous	 ﾠfat	 ﾠ
in	 ﾠthe	 ﾠmalnourished	 ﾠpatient	 ﾠto	 ﾠallow	 ﾠcollection	 ﾠfrom	 ﾠthis	 ﾠdepot.	 ﾠAll	 ﾠtissue	 ﾠsamples	 ﾠ
were	 ﾠremoved	 ﾠusing	 ﾠsharp	 ﾠdissection	 ﾠwhilst	 ﾠavoiding	 ﾠdiathermy	 ﾠto	 ﾠprevent	 ﾠtissue	 ﾠ
damage.	 ﾠ There	 ﾠ was	 ﾠ a	 ﾠ wide	 ﾠ variability	 ﾠ in	 ﾠ the	 ﾠ time	 ﾠ from	 ﾠ ileocolic	 ﾠ ligation	 ﾠ to	 ﾠ
specimen	 ﾠ collection	 ﾠ due	 ﾠ to	 ﾠ the	 ﾠ nature	 ﾠ of	 ﾠ the	 ﾠ surgery	 ﾠ which	 ﾠ could	 ﾠ not	 ﾠ be	 ﾠ
standardised.	 ﾠ
The	 ﾠspecimens	 ﾠwere	 ﾠthen	 ﾠtaken	 ﾠto	 ﾠthe	 ﾠlaboratory	 ﾠfor	 ﾠanalysis	 ﾠ
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Figure	 ﾠ 6.	 ﾠ A	 ﾠ photograph	 ﾠ taken	 ﾠ at	 ﾠ collection	 ﾠ immediately	 ﾠ after	 ﾠ resection.	 ﾠ Fat-ﾭ‐
wrapping	 ﾠcan	 ﾠbe	 ﾠclearly	 ﾠseen.	 ﾠ	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2.3  Adipose	 ﾠtissue	 ﾠstudies	 ﾠ
2.3.1  Baseline	 ﾠAdipose	 ﾠtissue	 ﾠorgan	 ﾠcultures	 ﾠ
Subcutaneous,	 ﾠomental	 ﾠand	 ﾠmesenteric	 ﾠadipose	 ﾠtissue	 ﾠsamples	 ﾠwere	 ﾠdissected	 ﾠinto	 ﾠ
0.1g	 ﾠ samples	 ﾠ and	 ﾠ then	 ﾠ incubated	 ﾠ in	 ﾠ high-ﾭ‐glucose	 ﾠ serum-ﾭ‐free	 ﾠ medium	 ﾠ (0.5mL),	 ﾠ
enriched	 ﾠwith	 ﾠbovine	 ﾠserum	 ﾠalbumin	 ﾠ(BSA,	 ﾠ1	 ﾠg/L),	 ﾠL-ﾭ‐glutamine	 ﾠand	 ﾠphenol	 ﾠred	 ﾠ
(CellGro®,	 ﾠMediatech	 ﾠInc,	 ﾠVirginia,	 ﾠUSA)	 ﾠwith	 ﾠ1%	 ﾠpenicillin/streptomycin	 ﾠfor	 ﾠ24hrs	 ﾠ
at	 ﾠ37°C.	 ﾠAt	 ﾠthe	 ﾠend	 ﾠof	 ﾠthe	 ﾠincubation	 ﾠperiod,	 ﾠthe	 ﾠtissue	 ﾠsamples	 ﾠwere	 ﾠstored	 ﾠin	 ﾠfoil	 ﾠ
packets	 ﾠ at	 ﾠ -ﾭ‐80°C	 ﾠ along	 ﾠ with	 ﾠ the	 ﾠ culture	 ﾠ supernatant.	 ﾠ The	 ﾠ supernatant	 ﾠ was	 ﾠ
subsequently	 ﾠanalysed	 ﾠto	 ﾠassess	 ﾠadipokine,	 ﾠcytokine	 ﾠand	 ﾠfatty	 ﾠacid	 ﾠsecretion.	 ﾠ
	 ﾠ
2.3.2  Viability	 ﾠof	 ﾠadipose	 ﾠtissue	 ﾠ
Organ	 ﾠculture	 ﾠof	 ﾠadipose	 ﾠtissue	 ﾠhas	 ﾠbeen	 ﾠvalidated	 ﾠand	 ﾠthe	 ﾠtissue	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠ
to	 ﾠbe	 ﾠviable	 ﾠand	 ﾠrespond	 ﾠto	 ﾠhormones	 ﾠfor	 ﾠup	 ﾠto	 ﾠtwo	 ﾠweeks	 ﾠ(Fried	 ﾠand	 ﾠMoustaid-ﾭ‐
Moussa,	 ﾠ 2001).	 ﾠ In	 ﾠ the	 ﾠ specific	 ﾠ conditions	 ﾠ of	 ﾠ our	 ﾠ laboratory	 ﾠ adipose	 ﾠ tissue	 ﾠ was	 ﾠ
confirmed	 ﾠ to	 ﾠ be	 ﾠ responsive	 ﾠ to	 ﾠ 1μM	 ﾠ isoprenaline	 ﾠ after	 ﾠ 20	 ﾠ hours	 ﾠ incubation	 ﾠ in	 ﾠ
serum-ﾭ‐free	 ﾠmedium	 ﾠ(Karastergiou	 ﾠand	 ﾠMohamed-ﾭ‐Ali,	 ﾠ2010).	 ﾠ
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2.3.3  Elemental	 ﾠFeed	 ﾠAdipose	 ﾠtissue	 ﾠcultures	 ﾠ
The	 ﾠaim	 ﾠof	 ﾠthese	 ﾠexperiments	 ﾠwas	 ﾠto	 ﾠsee	 ﾠif	 ﾠelemental	 ﾠfeeds	 ﾠwith	 ﾠdifferent	 ﾠcontent	 ﾠ
might	 ﾠ exert	 ﾠ different	 ﾠ effects	 ﾠ on	 ﾠ adipose	 ﾠ tissue	 ﾠ ex	 ﾠ vivo.	 ﾠ As	 ﾠ discussed	 ﾠ in	 ﾠ the	 ﾠ
introduction	 ﾠthere	 ﾠis	 ﾠcontroversy	 ﾠsurrounding	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠn-ﾭ‐3	 ﾠand	 ﾠn-ﾭ‐6	 ﾠfatty	 ﾠ
acids	 ﾠin	 ﾠrelation	 ﾠto	 ﾠthe	 ﾠmanagement	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠwhether	 ﾠthey	 ﾠprovide	 ﾠ
inflammatory	 ﾠor	 ﾠanti-ﾭ‐inflammatory	 ﾠeffects.	 ﾠ
	 ﾠ
2.4  Choice	 ﾠof	 ﾠFeeds	 ﾠ
Elemental	 ﾠ 028	 ﾠ Extra	 ﾠ (Nutricia®)	 ﾠ is	 ﾠ the	 ﾠ standard	 ﾠ elemental	 ﾠ feed	 ﾠ used	 ﾠ in	 ﾠ our	 ﾠ
hospital	 ﾠ for	 ﾠ patients	 ﾠ with	 ﾠ acute	 ﾠ flares	 ﾠ of	 ﾠ Crohn’s	 ﾠ disease	 ﾠ and	 ﾠ those	 ﾠ with	 ﾠ short	 ﾠ
bowel	 ﾠsyndrome.	 ﾠWe	 ﾠdecided	 ﾠto	 ﾠuse	 ﾠthis	 ﾠfeed	 ﾠas	 ﾠour	 ﾠstandard	 ﾠdue	 ﾠto	 ﾠits	 ﾠready	 ﾠ
availability	 ﾠ and	 ﾠ to	 ﾠ allow	 ﾠ any	 ﾠ results	 ﾠ of	 ﾠ our	 ﾠ research	 ﾠ to	 ﾠ be	 ﾠ translated	 ﾠ clinically	 ﾠ
without	 ﾠ delay.	 ﾠ For	 ﾠ comparison	 ﾠ we	 ﾠ used	 ﾠ Emsogen	 ﾠ (Nutricia®)	 ﾠ elemental	 ﾠ feed,	 ﾠ	 ﾠ 59	 ﾠ
which	 ﾠ was	 ﾠ very	 ﾠ similar	 ﾠ in	 ﾠ its	 ﾠ standard	 ﾠ nutritional	 ﾠ content	 ﾠ but	 ﾠ varied	 ﾠ in	 ﾠ its	 ﾠ fat	 ﾠ
composition.	 ﾠBy	 ﾠkeeping	 ﾠthe	 ﾠdifferent	 ﾠfeeds	 ﾠas	 ﾠstandardised	 ﾠas	 ﾠpossible	 ﾠbar	 ﾠthe	 ﾠfat	 ﾠ
content	 ﾠwe	 ﾠaimed	 ﾠto	 ﾠattribute	 ﾠany	 ﾠdifferences	 ﾠwe	 ﾠfound	 ﾠexperimentally	 ﾠto	 ﾠthe	 ﾠfat	 ﾠ
content.	 ﾠ Closer	 ﾠ examination	 ﾠ of	 ﾠ the	 ﾠ content	 ﾠ is	 ﾠ described	 ﾠ below	 ﾠ and	 ﾠ the	 ﾠ full	 ﾠ
nutritional	 ﾠcontent	 ﾠlisted	 ﾠin	 ﾠAppendix	 ﾠ1.	 ﾠ
	 ﾠ
2.5  Feeds	 ﾠ
2.5.1  Elemental	 ﾠ028	 ﾠExtra	 ﾠ
Elemental	 ﾠ028	 ﾠExtra	 ﾠis	 ﾠa	 ﾠliquid	 ﾠpreparation	 ﾠwhich	 ﾠis	 ﾠused	 ﾠin	 ﾠchildren	 ﾠover	 ﾠ5	 ﾠyrs	 ﾠold	 ﾠ
and	 ﾠadults	 ﾠas	 ﾠa	 ﾠsole	 ﾠsource	 ﾠof	 ﾠnutrition	 ﾠor	 ﾠas	 ﾠa	 ﾠsupplementary	 ﾠfeed	 ﾠfor	 ﾠthe	 ﾠdietary	 ﾠ
management	 ﾠof	 ﾠCrohn’s	 ﾠdisease,	 ﾠshort	 ﾠbowel	 ﾠsyndrome,	 ﾠintractable	 ﾠmalabsorption,	 ﾠ
enterocutaneous	 ﾠ fistulae	 ﾠ and	 ﾠ radiation	 ﾠ enteritis.	 ﾠ It	 ﾠ is	 ﾠ provided	 ﾠ ready	 ﾠ mixed	 ﾠ in	 ﾠ
liquid	 ﾠform	 ﾠand	 ﾠafter	 ﾠcareful	 ﾠdilution	 ﾠunder	 ﾠsterile	 ﾠconditions	 ﾠwith	 ﾠ2	 ﾠparts	 ﾠCellGro®	 ﾠ
to	 ﾠ1	 ﾠpart	 ﾠElemental	 ﾠ028	 ﾠit	 ﾠwas	 ﾠready	 ﾠto	 ﾠuse	 ﾠfor	 ﾠadipose	 ﾠtissue	 ﾠculture.	 ﾠ
	 ﾠ
2.5.2  	 ﾠEmsogen	 ﾠ
	 ﾠEmsogen	 ﾠ is	 ﾠ designed	 ﾠ for	 ﾠ supplementary	 ﾠ use	 ﾠ in	 ﾠ the	 ﾠ management	 ﾠ of	 ﾠ severe	 ﾠ
malabsoprtion	 ﾠwhere	 ﾠlong	 ﾠchain	 ﾠtriglycerides	 ﾠare	 ﾠpoorly	 ﾠtolerated	 ﾠand	 ﾠin	 ﾠcystic	 ﾠ
fibrosis.	 ﾠIt	 ﾠrequires	 ﾠsupplementation	 ﾠwith	 ﾠα-ﾭ‐linolenic	 ﾠacid	 ﾠfor	 ﾠuse	 ﾠas	 ﾠa	 ﾠsole	 ﾠsource	 ﾠ
of	 ﾠnutrition.	 ﾠIt	 ﾠis	 ﾠa	 ﾠpowder	 ﾠpreparation.	 ﾠTo	 ﾠmake	 ﾠthe	 ﾠ1:2	 ﾠconcentration	 ﾠof	 ﾠfeed,	 ﾠ
Emsogen	 ﾠwas	 ﾠfirst	 ﾠmade	 ﾠup	 ﾠwith	 ﾠdistilled	 ﾠwater	 ﾠto	 ﾠ20%	 ﾠsolution	 ﾠ under	 ﾠ sterile	 ﾠ
conditions	 ﾠbefore	 ﾠdilution	 ﾠwith	 ﾠ2	 ﾠparts	 ﾠCellGro®	 ﾠto	 ﾠ1	 ﾠpart	 ﾠEmsogen.	 ﾠ
	 ﾠ 	 ﾠ	 ﾠ 60	 ﾠ
	 ﾠ Elemental	 ﾠ028	 ﾠ Emsogen	 ﾠ
Nutrition	 ﾠInformation	 ﾠ Per	 ﾠ100ml	 ﾠ Per	 ﾠ100ml	 ﾠ
Energy	 ﾠKcal	 ﾠ 86	 ﾠ 88	 ﾠ
Protein	 ﾠequivalent	 ﾠg	 ﾠ 2.5	 ﾠ 2.5	 ﾠ
Total	 ﾠamino	 ﾠacids	 ﾠg	 ﾠ 3	 ﾠ 3	 ﾠ
Carbohydrate	 ﾠg	 ﾠ























Ratio	 ﾠn6:n3	 ﾠfatty	 ﾠacids	 ﾠ 3.5:1	 ﾠ 46.5:1	 ﾠ
%	 ﾠenergy	 ﾠfrom	 ﾠlinoleic	 ﾠacid	 ﾠ 3.6	 ﾠ 3.4	 ﾠ
%	 ﾠenergy	 ﾠfrom	 ﾠ	 ﾠα-ﾭ‐linolenic	 ﾠacid	 ﾠ 1	 ﾠ 0.07	 ﾠ
Fibre	 ﾠg	 ﾠ Nil	 ﾠ Nil	 ﾠ
Fatty	 ﾠAcid	 ﾠProfile	 ﾠ g	 ﾠper	 ﾠ100g	 ﾠFatty	 ﾠ
Acids	 ﾠ
g	 ﾠper	 ﾠ100g	 ﾠFatty	 ﾠ
Acids	 ﾠ
C6:0	 ﾠ 0	 ﾠ 1.4	 ﾠ
C8:0	 ﾠ 20.1	 ﾠ 59.2	 ﾠ
C10:0	 ﾠ 14.9	 ﾠ 20.4	 ﾠ
C12:0	 ﾠ 0.1	 ﾠ 1.9	 ﾠ
C14:0	 ﾠ Trace	 ﾠ 0	 ﾠ
C16:0	 ﾠ 2.6	 ﾠ 2	 ﾠ
C18:0	 ﾠ 1.6	 ﾠ 0.27	 ﾠ
C18:1	 ﾠ(Oleic)	 ﾠn-ﾭ‐9	 ﾠ 46	 ﾠ 3.9	 ﾠ
C18:2	 ﾠ(Linoleic)	 ﾠn-ﾭ‐6	 ﾠ 10.5	 ﾠ 10.7	 ﾠ
C18:3	 ﾠ(α-ﾭ‐linolenic	 ﾠacid)	 ﾠn-ﾭ‐3	 ﾠ 3	 ﾠ 0.23	 ﾠ
C20:0	 ﾠ 1.2	 ﾠ 0	 ﾠ
C22:0	 ﾠ 1.2	 ﾠ 0	 ﾠ
Table	 ﾠ8.	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 ﾠ
Samples	 ﾠfrom	 ﾠeach	 ﾠdepot	 ﾠof	 ﾠadipose	 ﾠtissue	 ﾠwere	 ﾠcultured	 ﾠin	 ﾠa	 ﾠ2:1	 ﾠformulation	 ﾠof	 ﾠ
CellGro®	 ﾠ and	 ﾠ the	 ﾠ specific	 ﾠ elemental	 ﾠ feed	 ﾠ for	 ﾠ 24	 ﾠ hours.	 ﾠ The	 ﾠ samples	 ﾠ were	 ﾠ then	 ﾠ
transferred	 ﾠto	 ﾠeither	 ﾠ0.5	 ﾠmLs	 ﾠof	 ﾠCellGro®	 ﾠor	 ﾠCellGro®	 ﾠwith	 ﾠ1 μM	 ﾠisoprenaline	 ﾠfor	 ﾠ4	 ﾠ
hours.	 ﾠ The	 ﾠ specimens	 ﾠ and	 ﾠ supernatant	 ﾠ were	 ﾠ then	 ﾠ stored	 ﾠ at	 ﾠ -ﾭ‐80°C	 ﾠ before	 ﾠ
subsequent	 ﾠanalysis.	 ﾠ
	 ﾠ
2.5.3  Adipokine	 ﾠassays	 ﾠ
2.5.3.1  ELISAs	 ﾠ
Enzyme-ﾭ‐linked	 ﾠimmunosorbant	 ﾠassays	 ﾠ(ELISAs)	 ﾠwere	 ﾠused	 ﾠto	 ﾠquantify	 ﾠadipokine	 ﾠ
and	 ﾠ cytokines	 ﾠ in	 ﾠ adipose	 ﾠ tissue	 ﾠ cultures.	 ﾠ IL-ﾭ‐6,	 ﾠ MCP-ﾭ‐1	 ﾠ and	 ﾠ leptin	 ﾠ levels	 ﾠ were	 ﾠ	 ﾠ 61	 ﾠ
assessed	 ﾠwith	 ﾠcommercially	 ﾠavailable	 ﾠsandwich	 ﾠELISAs	 ﾠ(R&D	 ﾠSystems,	 ﾠAbingdon,	 ﾠ
UK).	 ﾠThe	 ﾠmicroplates	 ﾠare	 ﾠpre-ﾭ‐coated	 ﾠwith	 ﾠa	 ﾠmonoclonal	 ﾠantibody	 ﾠspecific	 ﾠfor	 ﾠthe	 ﾠ
target	 ﾠcytokine.	 ﾠStandards	 ﾠwere	 ﾠmade	 ﾠup	 ﾠand	 ﾠwith	 ﾠthe	 ﾠdiluted	 ﾠsamples	 ﾠpipetted	 ﾠ
into	 ﾠthe	 ﾠwells	 ﾠand	 ﾠincubated	 ﾠfor	 ﾠthe	 ﾠtime	 ﾠindicated,	 ﾠso	 ﾠthat	 ﾠany	 ﾠtarget	 ﾠcytokine	 ﾠwas	 ﾠ
bound	 ﾠ by	 ﾠ the	 ﾠ monoclonal	 ﾠ antibody	 ﾠ coating	 ﾠ the	 ﾠ well.	 ﾠ After	 ﾠ washing	 ﾠ away	 ﾠ the	 ﾠ
unbound	 ﾠsubstances	 ﾠan	 ﾠenzyme-ﾭ‐linked	 ﾠpolyclonal	 ﾠantibody	 ﾠspecific	 ﾠto	 ﾠthe	 ﾠtarget	 ﾠ
cytokine	 ﾠwas	 ﾠadded	 ﾠto	 ﾠthe	 ﾠwells.	 ﾠFollowing	 ﾠa	 ﾠperiod	 ﾠof	 ﾠfurther	 ﾠincubation	 ﾠand	 ﾠthe	 ﾠ
washing	 ﾠaway	 ﾠof	 ﾠany	 ﾠunbound	 ﾠenzyme-ﾭ‐antibody	 ﾠreagent,	 ﾠa	 ﾠsubstrate	 ﾠsolution	 ﾠwas	 ﾠ
added	 ﾠto	 ﾠthe	 ﾠwells	 ﾠand	 ﾠcolour	 ﾠdevelops	 ﾠaccording	 ﾠto	 ﾠthe	 ﾠproportion	 ﾠof	 ﾠthe	 ﾠcytokine	 ﾠ
bound	 ﾠin	 ﾠthe	 ﾠinitial	 ﾠstep.	 ﾠThe	 ﾠcolour	 ﾠdevelopment	 ﾠis	 ﾠthen	 ﾠstopped	 ﾠand	 ﾠthe	 ﾠintensity	 ﾠ
measured	 ﾠwith	 ﾠa	 ﾠmicroplate	 ﾠreader,	 ﾠas	 ﾠabsorbance	 ﾠat	 ﾠ450nm	 ﾠwith	 ﾠcorrection	 ﾠat	 ﾠ
540nm.	 ﾠ 	 ﾠ Intra-ﾭ‐	 ﾠ and	 ﾠ inter-ﾭ‐assay	 ﾠ coefficients	 ﾠ of	 ﾠ variation	 ﾠ are	 ﾠ <5%	 ﾠ and	 ﾠ <10%	 ﾠ
respectively	 ﾠfor	 ﾠall	 ﾠassays	 ﾠused.	 ﾠ
The	 ﾠ results	 ﾠ were	 ﾠ then	 ﾠ divided	 ﾠ by	 ﾠ the	 ﾠ sample	 ﾠ dilutions	 ﾠ to	 ﾠ work	 ﾠ out	 ﾠ the	 ﾠ true	 ﾠ
cytokine	 ﾠconcentration.	 ﾠ
The	 ﾠfollowing	 ﾠdilutions	 ﾠwere	 ﾠused	 ﾠfor	 ﾠexplant	 ﾠadipokine	 ﾠassays:	 ﾠ
Adipokine	 ﾠ Dilution	 ﾠ
IL-ﾭ‐6	 ﾠ 1:75	 ﾠ
Leptin	 ﾠ 1:10	 ﾠ
MCP-ﾭ‐1	 ﾠ 1:100	 ﾠ
Table	 ﾠ9.	 ﾠAdipokine	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 ﾠdilutions	 ﾠ
	 ﾠ
2.5.4  NEFA	 ﾠmeasurement	 ﾠ
Non-ﾭ‐esterified	 ﾠfatty	 ﾠacid	 ﾠ(NEFA)	 ﾠin	 ﾠtissue	 ﾠculture	 ﾠsupernatant	 ﾠwas	 ﾠmeasured	 ﾠwith	 ﾠ
an	 ﾠ enzymatic	 ﾠ colorimetric	 ﾠ method	 ﾠ (Wako	 ﾠ HR	 ﾠ Series	 ﾠ NEFA-ﾭ‐HR	 ﾠ (2)	 ﾠ kit,	 ﾠ Wako	 ﾠ
Chemicals	 ﾠGmbH,	 ﾠNeus,	 ﾠGermany).	 ﾠThe	 ﾠassay	 ﾠinvolves	 ﾠthe	 ﾠacylation	 ﾠof	 ﾠcoenzyme	 ﾠA	 ﾠ
by	 ﾠfatty	 ﾠacids,	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠacyl-ﾭ‐CoA	 ﾠsynthetase,	 ﾠfollowed	 ﾠby	 ﾠoxidation	 ﾠof	 ﾠacyl	 ﾠ
Co-ﾭ‐A	 ﾠ by	 ﾠ acyl	 ﾠ CoA	 ﾠ oxidase	 ﾠ and	 ﾠ resultant	 ﾠ production	 ﾠ of	 ﾠ hydrogen	 ﾠ peroxide.	 ﾠ
Hydrogen	 ﾠperoxide	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠperoxidase,	 ﾠallows	 ﾠoxidative	 ﾠcondensation	 ﾠof	 ﾠ
3-ﾭ‐methyl-ﾭ‐N-ﾭ‐ethyl-ﾭ‐N-ﾭ‐(β-ﾭ‐hydoxyethyl)-ﾭ‐aniline	 ﾠ with	 ﾠ 4-ﾭ‐aminoantipyrine	 ﾠ and	 ﾠ
formation	 ﾠ of	 ﾠ a	 ﾠ purple	 ﾠ colour,	 ﾠ the	 ﾠ intensity	 ﾠ of	 ﾠ which	 ﾠ is	 ﾠ then	 ﾠ measured	 ﾠ
spectrophotometrically.	 ﾠ	 ﾠ 62	 ﾠ
Succinctly,	 ﾠ75	 ﾠμL	 ﾠof	 ﾠtissue	 ﾠculture	 ﾠsupernatant	 ﾠor	 ﾠNEFA	 ﾠstandard	 ﾠ(oleic	 ﾠacid	 ﾠat	 ﾠ
concentrations	 ﾠ of	 ﾠ 1.0	 ﾠ mmol/L,	 ﾠ 0.5	 ﾠ mmol/L,	 ﾠ 0.25	 ﾠ mmol/L,	 ﾠ 0.125	 ﾠ mmol/L	 ﾠ and	 ﾠ
0.0625	 ﾠmmol/L	 ﾠwere	 ﾠadded	 ﾠto	 ﾠa	 ﾠ96	 ﾠwell	 ﾠplate.	 ﾠThey	 ﾠwere	 ﾠincubated	 ﾠwith	 ﾠreagent	 ﾠA	 ﾠ
(150	 ﾠμL	 ﾠcontaining	 ﾠ0.31	 ﾠmmol/L	 ﾠcoenzyme	 ﾠA	 ﾠand	 ﾠ0.53	 ﾠkU/L	 ﾠacyl-ﾭ‐CoA-ﾭ‐synthetase)	 ﾠ
for	 ﾠ15	 ﾠminutes	 ﾠand	 ﾠwith	 ﾠreagent	 ﾠB	 ﾠ(75	 ﾠμL	 ﾠcontaining	 ﾠ12	 ﾠkU/L	 ﾠacyl-ﾭ‐CoA-ﾭ‐oxidase,	 ﾠ14	 ﾠ
kU/L	 ﾠperoxidase,	 ﾠ2.4	 ﾠmmol/L	 ﾠ3-ﾭ‐methyl-ﾭ‐N-ﾭ‐ethyl-ﾭ‐N	 ﾠ(β-ﾭ‐hydroxyethyl)-ﾭ‐aniline)	 ﾠfor	 ﾠ10	 ﾠ
minutes	 ﾠbefore	 ﾠabsorbance	 ﾠwas	 ﾠmeasured	 ﾠat	 ﾠ550	 ﾠnm.	 ﾠ
2.6  Other	 ﾠPreliminary	 ﾠMethods	 ﾠfor	 ﾠlater	 ﾠanalysis	 ﾠ
2.6.1  Methods	 ﾠfor	 ﾠlater	 ﾠRNA	 ﾠextraction	 ﾠ
2.6.1.1  Collagenase	 ﾠDigest	 ﾠ	 ﾠ
Approximately	 ﾠ 4g	 ﾠ of	 ﾠ adipose	 ﾠ tissue	 ﾠ from	 ﾠ each	 ﾠ depot	 ﾠ was	 ﾠ weighed	 ﾠ and	 ﾠ minced	 ﾠ
under	 ﾠ sterile	 ﾠ conditions.	 ﾠ The	 ﾠ minced	 ﾠ fat	 ﾠ was	 ﾠ then	 ﾠ transferred	 ﾠ into	 ﾠ a	 ﾠ 50ml	 ﾠ
universal	 ﾠ tube	 ﾠ to	 ﾠ which	 ﾠ was	 ﾠ added	 ﾠ 1ml	 ﾠ of	 ﾠ collagenase,	 ﾠ 1.5	 ﾠ ml	 ﾠ BSA	 ﾠ and	 ﾠ 7.5	 ﾠ ml	 ﾠ
CellGro®.	 ﾠThe	 ﾠtubes	 ﾠwere	 ﾠsealed	 ﾠwith	 ﾠparafilm	 ﾠand	 ﾠincubated	 ﾠin	 ﾠa	 ﾠwater	 ﾠbath	 ﾠat	 ﾠ
37.0°C	 ﾠfor	 ﾠ45	 ﾠminutes.	 ﾠThe	 ﾠresulting	 ﾠcellular	 ﾠsuspension	 ﾠwas	 ﾠfiltered	 ﾠthrough	 ﾠa	 ﾠ250	 ﾠ
micron	 ﾠsieve	 ﾠ(Sigma-ﾭ‐Aldrich,	 ﾠSt.	 ﾠLouis,	 ﾠUSA)	 ﾠand	 ﾠthen	 ﾠtransferred	 ﾠto	 ﾠa	 ﾠ15	 ﾠml	 ﾠflacon	 ﾠ
tube	 ﾠfor	 ﾠcentrifugation.	 ﾠThe	 ﾠsuspension	 ﾠwas	 ﾠcentrifuged	 ﾠfor	 ﾠ5	 ﾠminutes	 ﾠat	 ﾠ2000	 ﾠrpm	 ﾠ
at	 ﾠ4°C.	 ﾠThe	 ﾠadipocyte	 ﾠplug	 ﾠwas	 ﾠseparated	 ﾠand	 ﾠfrozen	 ﾠfresh	 ﾠat	 ﾠ-ﾭ‐80°C	 ﾠand	 ﾠwith	 ﾠ0.8ml	 ﾠ
of	 ﾠTRIzol®	 ﾠ(Life	 ﾠTechnologies,	 ﾠCarlsbad,	 ﾠUSA),	 ﾠa	 ﾠmonophasic	 ﾠsolution	 ﾠof	 ﾠphenol	 ﾠand	 ﾠ
guanidine	 ﾠisothiocyanate	 ﾠdesigned	 ﾠto	 ﾠisolate	 ﾠseparate	 ﾠfractions	 ﾠof	 ﾠRNA,	 ﾠDNA,	 ﾠand	 ﾠ
proteins	 ﾠ from	 ﾠ human	 ﾠ cell	 ﾠ and	 ﾠ tissue	 ﾠ samples.	 ﾠ The	 ﾠ supernatant	 ﾠ was	 ﾠ carefully	 ﾠ
poured	 ﾠoff	 ﾠand	 ﾠthe	 ﾠpellet	 ﾠwashed	 ﾠ3	 ﾠtimes	 ﾠin	 ﾠ1	 ﾠml	 ﾠof	 ﾠCellGro®	 ﾠand	 ﾠsubsequently	 ﾠ
centrifuged	 ﾠ again	 ﾠ at	 ﾠ 2000	 ﾠ rpm	 ﾠ at	 ﾠ 4°C.	 ﾠ After	 ﾠ the	 ﾠ 3rd	 ﾠ wash	 ﾠ the	 ﾠ pellet	 ﾠ was	 ﾠ re-ﾭ‐
suspended	 ﾠin	 ﾠ1	 ﾠml	 ﾠof	 ﾠCellGro®	 ﾠand	 ﾠthen	 ﾠstored	 ﾠfresh	 ﾠat	 ﾠ-ﾭ‐80°C	 ﾠand	 ﾠwith	 ﾠ0.8	 ﾠml	 ﾠof	 ﾠ
TRIzol.	 ﾠ
2.6.1.2  RNAlater®	 ﾠ
At	 ﾠthe	 ﾠtime	 ﾠof	 ﾠspecimen	 ﾠcollection	 ﾠin	 ﾠthe	 ﾠoperating	 ﾠtheatre	 ﾠa	 ﾠsubset	 ﾠof	 ﾠsamples	 ﾠ
were	 ﾠ immediately	 ﾠ stored	 ﾠ in	 ﾠ RNAlater®	 ﾠ (Life	 ﾠ Technologies,	 ﾠ Carlsbad,	 ﾠ USA),	 ﾠ an	 ﾠ
aqueous,	 ﾠnontoxic	 ﾠtissue	 ﾠstorage	 ﾠreagent	 ﾠthat	 ﾠrapidly	 ﾠpermeates	 ﾠtissues	 ﾠto	 ﾠstabilize	 ﾠ
and	 ﾠprotect	 ﾠcellular	 ﾠRNA.	 ﾠAfter	 ﾠreturning	 ﾠto	 ﾠthe	 ﾠlaboratory	 ﾠthe	 ﾠsamples	 ﾠwere	 ﾠthen	 ﾠ
stored	 ﾠat	 ﾠ-ﾭ‐80°C.	 ﾠ	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2.6.2  Ex	 ﾠVivo	 ﾠAngiogenesis	 ﾠAssay	 ﾠof	 ﾠAdipose	 ﾠTissue	 ﾠ	 ﾠ
The	 ﾠrole	 ﾠof	 ﾠangiogenesis	 ﾠin	 ﾠthe	 ﾠexpansion	 ﾠof	 ﾠadipose	 ﾠdepots	 ﾠis	 ﾠnot	 ﾠknown.	 ﾠRecently	 ﾠ
Gealekman	 ﾠ (Gealekman	 ﾠ et	 ﾠ al.,	 ﾠ 2011)	 ﾠ was	 ﾠ able	 ﾠ to	 ﾠ show	 ﾠ that	 ﾠ different	 ﾠ depots	 ﾠ of	 ﾠ
mouse	 ﾠ adipose	 ﾠ tissue	 ﾠ has	 ﾠ altered	 ﾠ angiogenic	 ﾠ capacity	 ﾠ and	 ﾠ in	 ﾠ particular	 ﾠ
subcutaneous	 ﾠadipose	 ﾠtissue	 ﾠhad	 ﾠthe	 ﾠgreatest	 ﾠin	 ﾠcomparison	 ﾠto	 ﾠvisceral	 ﾠadipose	 ﾠ
tissue.	 ﾠThe	 ﾠthickened	 ﾠmesentery	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠaffected	 ﾠbowel	 ﾠis	 ﾠknown	 ﾠto	 ﾠbe	 ﾠ
very	 ﾠvascular.	 ﾠWe	 ﾠattempted	 ﾠto	 ﾠreplicate	 ﾠGealekman’s	 ﾠwork	 ﾠto	 ﾠsee	 ﾠif	 ﾠadipose	 ﾠtissue	 ﾠ
depots	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠhave	 ﾠdifferent	 ﾠangiogenic	 ﾠcapacity	 ﾠto	 ﾠcontrols.	 ﾠWe	 ﾠalso	 ﾠ
attempted	 ﾠ to	 ﾠ see	 ﾠ if	 ﾠ culture	 ﾠ with	 ﾠ different	 ﾠ elemental	 ﾠ feeds	 ﾠ altered	 ﾠ angiogenic	 ﾠ
capacity.	 ﾠ
In	 ﾠa	 ﾠsubset	 ﾠof	 ﾠpatients	 ﾠ2	 ﾠmg	 ﾠsamples	 ﾠof	 ﾠthe	 ﾠthree	 ﾠadipose	 ﾠdepots	 ﾠwere	 ﾠembedded	 ﾠin	 ﾠ
an	 ﾠindividual	 ﾠwell	 ﾠof	 ﾠa	 ﾠ96	 ﾠwell	 ﾠplate	 ﾠcontaining	 ﾠ150	 ﾠμL	 ﾠof	 ﾠMatrigel	 ﾠ(BD	 ﾠDiscovery	 ﾠ
Labware,	 ﾠ Billerica,	 ﾠ USA).	 ﾠ Wells	 ﾠ were	 ﾠ filled	 ﾠ with	 ﾠ 150	 ﾠ μL	 ﾠ of	 ﾠ endothelial	 ﾠ growth	 ﾠ
media	 ﾠ (EGM-ﾭ‐2	 ﾠ BulletKit,	 ﾠ Lonza,	 ﾠ Wokingham,	 ﾠ UK)	 ﾠ with	 ﾠ 10%	 ﾠ fetal	 ﾠ bovine	 ﾠ serum	 ﾠ
(FBS	 ﾠGibco®	 ﾠLife	 ﾠTechnologies,	 ﾠCarlsbad,	 ﾠUSA).	 ﾠ100	 ﾠμL	 ﾠwas	 ﾠchanged	 ﾠevery	 ﾠsecond	 ﾠ
day	 ﾠfor	 ﾠ14	 ﾠdays.	 ﾠPhotographs	 ﾠwere	 ﾠthen	 ﾠtaken	 ﾠat	 ﾠx20	 ﾠmagnification.	 ﾠ	 ﾠ
For	 ﾠthe	 ﾠelemental	 ﾠfeed	 ﾠexperiment	 ﾠthe	 ﾠEGM	 ﾠwas	 ﾠmixed	 ﾠwith	 ﾠeach	 ﾠfeed	 ﾠin	 ﾠa	 ﾠ2:1	 ﾠratio	 ﾠ
and	 ﾠsubstituted	 ﾠfor	 ﾠthe	 ﾠEGM	 ﾠin	 ﾠthe	 ﾠprotocol	 ﾠabove.	 ﾠ
2.7  Statistical	 ﾠAnalyses	 ﾠ
Data	 ﾠ were	 ﾠ analysed	 ﾠ using	 ﾠ IBM	 ﾠ SPSS	 ﾠ version	 ﾠ 20.0	 ﾠ for	 ﾠ Macintosh	 ﾠ software	 ﾠ
(Statistical	 ﾠPackage	 ﾠfor	 ﾠthe	 ﾠSocial	 ﾠSciences,	 ﾠIBM	 ﾠSPSS,	 ﾠNew	 ﾠYork,	 ﾠUK).	 ﾠData	 ﾠin	 ﾠthe	 ﾠ
text	 ﾠ are	 ﾠ expressed	 ﾠ as	 ﾠ mean	 ﾠ (SD)	 ﾠ or	 ﾠ median	 ﾠ (IQR)	 ﾠ unless	 ﾠ otherwise	 ﾠ stated.	 ﾠ
Comparisons	 ﾠ between	 ﾠ depots	 ﾠ were	 ﾠ performed	 ﾠ with	 ﾠ Mann-ﾭ‐Whitney	 ﾠ for	 ﾠ non-ﾭ‐
parametric	 ﾠ data	 ﾠ and	 ﾠ correlations	 ﾠ were	 ﾠ determined	 ﾠ by	 ﾠ Spearman’s	 ﾠ Rho.	 ﾠ
Significance	 ﾠwas	 ﾠdefined	 ﾠas	 ﾠp<0.05	 ﾠ
	 ﾠ
	 ﾠ
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3.1  Introduction	 ﾠ
In	 ﾠ this	 ﾠ section	 ﾠ are	 ﾠ the	 ﾠ results	 ﾠ of	 ﾠ the	 ﾠ basal	 ﾠ analysis	 ﾠ of	 ﾠ adipose	 ﾠ tissue	 ﾠ from	 ﾠ
subcutaneous,	 ﾠ omental	 ﾠ and	 ﾠ mesenteric	 ﾠ 	 ﾠ depots	 ﾠ from	 ﾠ the	 ﾠ three	 ﾠ disease	 ﾠ cohorts,	 ﾠ
Crohn’s	 ﾠdisease,	 ﾠulcerative	 ﾠcolitis	 ﾠand	 ﾠnon-ﾭ‐Crohn’s	 ﾠnon-ﾭ‐UC.	 ﾠNEFA	 ﾠconcentration	 ﾠas	 ﾠ
a	 ﾠmeasure	 ﾠof	 ﾠlipolysis,	 ﾠIL-ﾭ‐6,	 ﾠLeptin	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠconcentrations	 ﾠwere	 ﾠall	 ﾠmeasured	 ﾠ
after	 ﾠ24hrs	 ﾠincubation	 ﾠin	 ﾠCellGro®	 ﾠto	 ﾠdetermine	 ﾠif	 ﾠthere	 ﾠwere	 ﾠany	 ﾠbasal	 ﾠdifferences	 ﾠ
between	 ﾠ disease	 ﾠ cohorts	 ﾠ and	 ﾠ adipose	 ﾠ tissue	 ﾠ depots.	 ﾠ Furthermore	 ﾠ to	 ﾠ look	 ﾠ at	 ﾠ
hormone	 ﾠresponsiveness	 ﾠand	 ﾠto	 ﾠdemonstrate	 ﾠviability,	 ﾠbasal	 ﾠlipolysis	 ﾠand	 ﾠcytokine	 ﾠ
secretion	 ﾠprofiles	 ﾠwere	 ﾠperformed	 ﾠat	 ﾠ4hrs	 ﾠand	 ﾠafter	 ﾠ24hrs	 ﾠof	 ﾠorgan	 ﾠculture.	 ﾠOrgan	 ﾠ
culture	 ﾠwith	 ﾠ1	 ﾠmicroMolar	 ﾠIsoprenaline	 ﾠhas	 ﾠpreviously	 ﾠbeen	 ﾠused	 ﾠto	 ﾠdemonstrate	 ﾠ
increased	 ﾠlipolysis	 ﾠand	 ﾠthus	 ﾠtissue	 ﾠviability	 ﾠ(Fried,	 ﾠS.	 ﾠK.	 ﾠ&	 ﾠMoustaid-ﾭ‐Moussa,	 ﾠN.	 ﾠ
2001)	 ﾠand	 ﾠthis	 ﾠsolution	 ﾠwas	 ﾠused	 ﾠin	 ﾠcomparison	 ﾠwith	 ﾠplain	 ﾠCellGro®.	 ﾠAdditionally	 ﾠa	 ﾠ




Figure	 ﾠ7.	 ﾠA	 ﾠphotograph	 ﾠof	 ﾠan	 ﾠileal	 ﾠresection	 ﾠspecimen	 ﾠfor	 ﾠCrohn’s	 ﾠdisease	 ﾠ
The	 ﾠ letter	 ﾠ a	 ﾠ demonstrates	 ﾠ fat-ﾭ‐wrapping;	 ﾠ b	 ﾠ demonstrates	 ﾠ minimal	 ﾠ serosa	 ﾠ left	 ﾠ
‘unwrapped’;	 ﾠ c	 ﾠ shows	 ﾠ the	 ﾠ position	 ﾠ of	 ﾠ the	 ﾠ piece	 ﾠ removed	 ﾠ (FW)	 ﾠ for	 ﾠ histologic	 ﾠ
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3.2  Basal	 ﾠOrgan	 ﾠCulture	 ﾠ
Adipose	 ﾠtissue	 ﾠsamples	 ﾠfrom	 ﾠeach	 ﾠdepot	 ﾠfrom	 ﾠfasting	 ﾠpatients	 ﾠand	 ﾠfrom	 ﾠboth	 ﾠthe	 ﾠ
Crohn’s	 ﾠdisease	 ﾠand	 ﾠulcerative	 ﾠcolitis	 ﾠcohorts	 ﾠwere	 ﾠincubated	 ﾠin	 ﾠCellGro®	 ﾠwith	 ﾠ1%	 ﾠ
penicillin/streptomycin	 ﾠ for	 ﾠ 24	 ﾠ hours	 ﾠ in	 ﾠ the	 ﾠ conditions	 ﾠ previously	 ﾠ described,	 ﾠ to	 ﾠ
look	 ﾠ for	 ﾠ any	 ﾠ differences	 ﾠ in	 ﾠ basal	 ﾠ production	 ﾠ of	 ﾠ cytokines	 ﾠ and	 ﾠ lipolysis.	 ﾠ
Measurement	 ﾠ of	 ﾠ non-ﾭ‐esterified	 ﾠ fatty	 ﾠ acids	 ﾠ (NEFA)	 ﾠ was	 ﾠ used	 ﾠ as	 ﾠ a	 ﾠ measure	 ﾠ of	 ﾠ
lipolysis	 ﾠand	 ﾠthe	 ﾠcytokines	 ﾠIL-ﾭ‐6,	 ﾠLeptin	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠwere	 ﾠalso	 ﾠmeasured.	 ﾠ
3.2.1  	 ﾠNEFA	 ﾠ
	 ﾠ
Figure	 ﾠ8.	 ﾠNet	 ﾠrelease	 ﾠof	 ﾠNEFA	 ﾠover	 ﾠ24h	 ﾠfrom	 ﾠ0.1g	 ﾠsamples	 ﾠof	 ﾠwhole	 ﾠtissue	 ﾠfrom	 ﾠ
mesentery,	 ﾠomentum	 ﾠand	 ﾠsubcutaneous	 ﾠadipose	 ﾠtissue	 ﾠof	 ﾠCD	 ﾠand	 ﾠUC	 ﾠpatients.	 ﾠ
	 ﾠ Crohn’s	 ﾠ Ulcerative	 ﾠColitis	 ﾠ
N	 ﾠ 12	 ﾠ 9	 ﾠ
Sex	 ﾠ(Male:Female)	 ﾠ 5:7	 ﾠ 7:2	 ﾠ
BMI	 ﾠ(kg/m2)	 ﾠ	 ﾠ
	 ﾠ
21.0	 ﾠ(19.6	 ﾠ–	 ﾠ24.0)	 ﾠ 23.1	 ﾠ(22.0	 ﾠ–	 ﾠ25.7)	 ﾠ
SC	 ﾠNEFA	 ﾠmEq/L	 ﾠ
	 ﾠ
0.048	 ﾠ(0.033	 ﾠ–	 ﾠ0.092)	 ﾠ
ϯ	 ﾠp=0.244	 ﾠ
0.084	 ﾠ(0.059	 ﾠ–	 ﾠ0.100)	 ﾠ
OM	 ﾠNEFA	 ﾠmEq/L	 ﾠ	 ﾠ
	 ﾠ
0.036	 ﾠ(0.008	 ﾠ–	 ﾠ0.112)	 ﾠ
ϯ	 ﾠp=0.270	 ﾠ
0.019	 ﾠ(0.005	 ﾠ–	 ﾠ0.035)	 ﾠ
MF	 ﾠNEFA	 ﾠmEq/L	 ﾠ
	 ﾠ	 ﾠ
0.094	 ﾠ(0.039	 ﾠ–	 ﾠ0.128)	 ﾠ
ϯ	 ﾠp=0.393	 ﾠ
0.060	 ﾠ(0.037	 ﾠ–	 ﾠ0.079)	 ﾠ
Table	 ﾠ10.	 ﾠNet	 ﾠrelease	 ﾠof	 ﾠNEFA	 ﾠover	 ﾠ24h	 ﾠfrom	 ﾠ0.1g	 ﾠsamples	 ﾠof	 ﾠwhole	 ﾠtissue	 ﾠfrom	 ﾠ
mesentery,	 ﾠomentum	 ﾠand	 ﾠsubcutaneous	 ﾠadipose	 ﾠtissue	 ﾠof	 ﾠCD	 ﾠand	 ﾠUC	 ﾠpatients.	 ﾠ
	 ﾠϮ	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠCrohn’s	 ﾠand	 ﾠUC	 ﾠ(Mann-ﾭ‐Whitney)	 ﾠ
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 ﾠ SC	 ﾠ OM	 ﾠ MF	 ﾠ
Crohn’s	 ﾠ 0.048	 ﾠ(0.033	 ﾠ–	 ﾠ0.092)	 ﾠ
ϯ	 ﾠp=0.587	 ﾠ
*	 ﾠp=0.176	 ﾠ
0.036	 ﾠ(0.008	 ﾠ–	 ﾠ0.112)	 ﾠ
§	 ﾠp=0.176	 ﾠ
	 ﾠ
0.094	 ﾠ(0.039	 ﾠ–	 ﾠ0.128)	 ﾠ
	 ﾠ
UC	 ﾠ 0.084	 ﾠ(0.059	 ﾠ–	 ﾠ0.100)	 ﾠ
ϯ	 ﾠp=0.002	 ﾠ
*	 ﾠp=0.171	 ﾠ
0.019	 ﾠ(0.005	 ﾠ–	 ﾠ0.035)	 ﾠ
§	 ﾠp=0.007	 ﾠ
	 ﾠ
0.060	 ﾠ(0.037	 ﾠ–	 ﾠ0.079)	 ﾠ
Table	 ﾠ11.	 ﾠA	 ﾠtable	 ﾠcomparing	 ﾠnet	 ﾠrelease	 ﾠof	 ﾠNEFA	 ﾠbetween	 ﾠsubcutaneous,	 ﾠomental	 ﾠ
and	 ﾠmesenteric	 ﾠadipose	 ﾠdepots.	 ﾠ
Ϯ	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠSC	 ﾠand	 ﾠOM	 ﾠ(Mann-ﾭ‐Whitney)	 ﾠ
*	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠSC	 ﾠand	 ﾠMF	 ﾠ
§	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠOM	 ﾠand	 ﾠMF	 ﾠ
 
3.2.1.1  	 ﾠFindings	 ﾠ
The	 ﾠonly	 ﾠsignificant	 ﾠdifferences	 ﾠwere	 ﾠbetween	 ﾠthe	 ﾠamount	 ﾠof	 ﾠNEFA	 ﾠproduced	 ﾠby	 ﾠ
subcutaneous	 ﾠ and	 ﾠ omental	 ﾠ tissue	 ﾠ and	 ﾠ by	 ﾠ omental	 ﾠ and	 ﾠ mesenteric	 ﾠ tissue	 ﾠ in	 ﾠ
ulcerative	 ﾠcolitis.	 ﾠThere	 ﾠwere	 ﾠno	 ﾠsignificant	 ﾠdifferences	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠdiseases.	 ﾠ
However	 ﾠalthough	 ﾠthe	 ﾠmean	 ﾠvalues	 ﾠfor	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠulcerative	 ﾠcolitis	 ﾠare	 ﾠ
similar	 ﾠthe	 ﾠranges	 ﾠare	 ﾠconsistently	 ﾠhigher	 ﾠin	 ﾠthe	 ﾠCrohn’s	 ﾠdisease	 ﾠdepots	 ﾠ(0.000	 ﾠ-ﾭ‐
0.112	 ﾠin	 ﾠCD	 ﾠOM	 ﾠvs	 ﾠ0.005	 ﾠ–	 ﾠ0.035	 ﾠin	 ﾠUC	 ﾠOM).	 ﾠThe	 ﾠreasons	 ﾠfor	 ﾠthis	 ﾠare	 ﾠunclear.	 ﾠIt	 ﾠis	 ﾠ
possible	 ﾠ that	 ﾠ over	 ﾠ 24	 ﾠ hours	 ﾠ some	 ﾠ lipolytic	 ﾠ products	 ﾠ may	 ﾠ be	 ﾠ re-ﾭ‐esterified	 ﾠ into	 ﾠ
triacylglycerols.	 ﾠFurther	 ﾠmore	 ﾠthere	 ﾠmay	 ﾠbe	 ﾠdepot	 ﾠor	 ﾠsite-ﾭ‐specific	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠ
micro-ﾭ‐anatomy	 ﾠof	 ﾠthe	 ﾠtissue	 ﾠwhich	 ﾠmight	 ﾠexplain	 ﾠthe	 ﾠlarge	 ﾠvariances.	 ﾠ
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3.2.2  Basal	 ﾠIL-ﾭ‐6,	 ﾠLeptin	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠafter	 ﾠ24hrs	 ﾠincubation	 ﾠ




Figure	 ﾠ9.	 ﾠGraphs	 ﾠshowing	 ﾠthe	 ﾠdifferent	 ﾠbasal	 ﾠconcentrations	 ﾠof	 ﾠIL-ﾭ‐6,	 ﾠLeptin	 ﾠand	 ﾠ
MCP-ﾭ‐1	 ﾠbetween	 ﾠCD	 ﾠand	 ﾠUC	 ﾠafter	 ﾠ24	 ﾠh	 ﾠincubation	 ﾠin	 ﾠCellGro®. 	 ﾠ 69	 ﾠ
3.2.2.2  	 ﾠTables	 ﾠ
	 ﾠ
	 ﾠ Crohn’s	 ﾠ Ulcerative	 ﾠColitis	 ﾠ
N	 ﾠ 6	 ﾠ 6	 ﾠ
Sex	 ﾠ(Male:Female)	 ﾠ 3:3	 ﾠ 2:4	 ﾠ
BMI	 ﾠ(kg/m2)	 ﾠ	 ﾠ 21.8	 ﾠ(18.3	 ﾠ–	 ﾠ29.7)	 ﾠ 23.5	 ﾠ(19.3	 ﾠ–	 ﾠ30.0)	 ﾠ
IL-ﾭ‐6	 ﾠ 	 ﾠ 	 ﾠ
SC	 ﾠIL-ﾭ‐6	 ﾠng/ml	 ﾠ
	 ﾠ
18.8	 ﾠ(5.8	 ﾠ–	 ﾠ33.1)	 ﾠ
ϯ	 ﾠp=0.748	 ﾠ
25.6	 ﾠ(2.7	 ﾠ–	 ﾠ32.6)	 ﾠ
OM	 ﾠIL-ﾭ‐6	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ
33.6	 ﾠ(32.2	 ﾠ–	 ﾠ34.3)	 ﾠ
ϯ	 ﾠp=0.025	 ﾠ
31.9	 ﾠ(29.9	 ﾠ–	 ﾠ32.5)	 ﾠ
MF	 ﾠIL-ﾭ‐6	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ	 ﾠ
31.7	 ﾠ(30.0	 ﾠ–	 ﾠ33.5)	 ﾠ
ϯ	 ﾠp=0.423	 ﾠ
30.6	 ﾠ(17.9	 ﾠ–	 ﾠ32.9)	 ﾠ
Leptin	 ﾠ 	 ﾠ 	 ﾠ
SC	 ﾠLeptin	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ
3.67	 ﾠ(0.49	 ﾠ–	 ﾠ10.64)	 ﾠ
ϯ	 ﾠp=0.394	 ﾠ
7.62	 ﾠ(3.12	 ﾠ–	 ﾠ11.82)	 ﾠ
OM	 ﾠLeptin	 ﾠng/	 ﾠml	 ﾠ	 ﾠ
	 ﾠ
3.03	 ﾠ(2.09–	 ﾠ5.82)	 ﾠ
ϯ	 ﾠp=0.522	 ﾠ
10.70	 ﾠ(1.56	 ﾠ–	 ﾠ12.82)	 ﾠ
MF	 ﾠLeptin	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ	 ﾠ
1.095	 ﾠ(0.15	 ﾠ–	 ﾠ9.93)	 ﾠ
ϯ	 ﾠp=0.055	 ﾠ
9.76	 ﾠ(3.71	 ﾠ–	 ﾠ12.61)	 ﾠ
MCP-ﾭ‐1	 ﾠ 	 ﾠ 	 ﾠ
SC	 ﾠMCP-ﾭ‐1	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ
29.1	 ﾠ(9.8	 ﾠ–	 ﾠ46.8)	 ﾠ
ϯ	 ﾠp=0.670	 ﾠ
29.9	 ﾠ(17.8	 ﾠ–	 ﾠ41.2)	 ﾠ
OM	 ﾠMCP-ﾭ‐1	 ﾠng/	 ﾠml	 ﾠ	 ﾠ
	 ﾠ
76.3	 ﾠ(46.7	 ﾠ–	 ﾠ240.6)	 ﾠ
ϯ	 ﾠp=0.631	 ﾠ
72.5	 ﾠ(32.8	 ﾠ–	 ﾠ278.8)	 ﾠ
MF	 ﾠMCP-ﾭ‐1	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ	 ﾠ
40.7	 ﾠ(19.4	 ﾠ–	 ﾠ98.2)	 ﾠ
ϯ	 ﾠp=0.749	 ﾠ
30.6	 ﾠ(22.4	 ﾠ–	 ﾠ60.7)	 ﾠ
Table	 ﾠ12.	 ﾠA	 ﾠtable	 ﾠcomparing	 ﾠthe	 ﾠconcentrations	 ﾠof	 ﾠIL-ﾭ‐6,	 ﾠLeptin	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠreleased	 ﾠ
from	 ﾠsubcutaneous,	 ﾠomental	 ﾠand	 ﾠmesenteric	 ﾠadipose	 ﾠdepots	 ﾠbetween	 ﾠdiseases.	 ﾠ
Ϯ	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠCrohn’s	 ﾠand	 ﾠUC	 ﾠ(Mann-ﾭ‐Whitney)	 ﾠ
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 ﾠ SC	 ﾠ OM	 ﾠ MF	 ﾠ
IL-ﾭ‐6	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Crohn’s	 ﾠ 18.8	 ﾠ(5.8	 ﾠ–	 ﾠ33.1)	 ﾠ
ϯ	 ﾠp=0.880	 ﾠ
*	 ﾠp=0.286	 ﾠ
33.6	 ﾠ(32.2	 ﾠ–	 ﾠ34.3)	 ﾠ
§	 ﾠp=0.078	 ﾠ
	 ﾠ
31.7	 ﾠ(30.0	 ﾠ–	 ﾠ33.5)	 ﾠ
UC	 ﾠ 25.6	 ﾠ(2.7	 ﾠ–	 ﾠ32.6)	 ﾠ
ϯ	 ﾠp=0.262	 ﾠ
*	 ﾠp=0.522	 ﾠ
31.9	 ﾠ(29.9	 ﾠ–	 ﾠ32.5)	 ﾠ
§	 ﾠp=0.749	 ﾠ
	 ﾠ
30.6	 ﾠ(17.9	 ﾠ–	 ﾠ32.9)	 ﾠ
Leptin	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Crohn’s	 ﾠ 3.67	 ﾠ(0.49	 ﾠ–	 ﾠ10.64)	 ﾠ
ϯ	 ﾠp=0.831	 ﾠ
*	 ﾠp=0.522	 ﾠ
3.03	 ﾠ(2.09–	 ﾠ5.82)	 ﾠ
§	 ﾠp=0.337	 ﾠ
	 ﾠ
1.095	 ﾠ(0.15	 ﾠ–	 ﾠ9.93)	 ﾠ
	 ﾠ
UC	 ﾠ 7.62	 ﾠ(3.12	 ﾠ–	 ﾠ11.82)	 ﾠ
ϯ	 ﾠp=0.749	 ﾠ
*	 ﾠp=0.423	 ﾠ
10.70	 ﾠ(1.56	 ﾠ–	 ﾠ12.82)	 ﾠ
§	 ﾠp=0.749	 ﾠ
	 ﾠ
9.76	 ﾠ(3.71	 ﾠ–	 ﾠ12.61)	 ﾠ
MCP-ﾭ‐1	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Crohn’s	 ﾠ 29.1	 ﾠ(9.8	 ﾠ–	 ﾠ46.8)	 ﾠ
ϯ	 ﾠp=0.522	 ﾠ
*	 ﾠp=0.176	 ﾠ
76.3	 ﾠ(46.7	 ﾠ–	 ﾠ240.6)	 ﾠ§	 ﾠ
p=0.200	 ﾠ
	 ﾠ
40.7	 ﾠ(19.4	 ﾠ–	 ﾠ98.2)	 ﾠ
	 ﾠ
UC	 ﾠ 29.9	 ﾠ(17.8	 ﾠ–	 ﾠ41.2)	 ﾠ
ϯ	 ﾠp=0.037	 ﾠ
*	 ﾠp=0.749	 ﾠ
72.5	 ﾠ(32.8	 ﾠ–	 ﾠ278.8)	 ﾠ
§	 ﾠp=0.109	 ﾠ
	 ﾠ
30.6	 ﾠ(22.4	 ﾠ–	 ﾠ60.7)	 ﾠ
Table	 ﾠ13.	 ﾠA	 ﾠtable	 ﾠcomparing	 ﾠthe	 ﾠnet	 ﾠrelease	 ﾠof	 ﾠIL-ﾭ‐6,	 ﾠLeptin	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠbetween	 ﾠ
adipose	 ﾠdepots.	 ﾠ
Ϯ	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠSC	 ﾠand	 ﾠOM	 ﾠ(Mann-ﾭ‐Whitney)	 ﾠ
*	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠSC	 ﾠand	 ﾠMF	 ﾠ




3.2.2.3  Findings	 ﾠ
The	 ﾠ only	 ﾠ significant	 ﾠ differences	 ﾠ were	 ﾠ between	 ﾠ the	 ﾠ amount	 ﾠ of	 ﾠ omental	 ﾠ IL-ﾭ‐6	 ﾠ
produced	 ﾠbetween	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠulcerative	 ﾠcolitis	 ﾠand	 ﾠthe	 ﾠamount	 ﾠof	 ﾠMCP-ﾭ‐1	 ﾠ
produced	 ﾠ between	 ﾠ subcutaneous	 ﾠ and	 ﾠ omental	 ﾠ depots	 ﾠ in	 ﾠ ulcerative	 ﾠ colitis.	 ﾠ The	 ﾠ
numbers	 ﾠfor	 ﾠthese	 ﾠbasal	 ﾠexperiments	 ﾠare	 ﾠsmall	 ﾠwith	 ﾠonly	 ﾠ6	 ﾠof	 ﾠeach	 ﾠdisease	 ﾠcohort	 ﾠ
so	 ﾠit	 ﾠis	 ﾠunsurprising	 ﾠthat	 ﾠfew	 ﾠreached	 ﾠstatistical	 ﾠsignificance.	 ﾠThere	 ﾠmay	 ﾠbe	 ﾠa	 ﾠtrend	 ﾠ
appearing	 ﾠthat	 ﾠin	 ﾠthe	 ﾠulcerative	 ﾠcolitis	 ﾠcohort	 ﾠall	 ﾠof	 ﾠthe	 ﾠdepots	 ﾠseem	 ﾠto	 ﾠsecrete	 ﾠ
greater	 ﾠamounts	 ﾠof	 ﾠleptin	 ﾠ:	 ﾠ10.70	 ﾠ(1.56	 ﾠ–	 ﾠ12.82)	 ﾠvs	 ﾠ3.03	 ﾠ(2.09–	 ﾠ5.82)	 ﾠin	 ﾠomental	 ﾠfat	 ﾠ
and	 ﾠ9.76	 ﾠ(3.71	 ﾠ–	 ﾠ12.61)	 ﾠvs	 ﾠ	 ﾠ1.095	 ﾠ(0.15	 ﾠ–	 ﾠ9.93)	 ﾠin	 ﾠmesenteric	 ﾠfat.	 ﾠThis	 ﾠdid	 ﾠnot	 ﾠreach	 ﾠ
statistical	 ﾠsignificance	 ﾠbut	 ﾠfurther	 ﾠanalysis	 ﾠmay	 ﾠvalidate	 ﾠthis.	 ﾠLeptin	 ﾠlevels	 ﾠmay	 ﾠbe	 ﾠ
affected	 ﾠby	 ﾠpre-ﾭ‐operative	 ﾠfasting	 ﾠbut	 ﾠthere	 ﾠis	 ﾠno	 ﾠobvious	 ﾠflaw	 ﾠin	 ﾠthe	 ﾠstudy	 ﾠdesign	 ﾠto	 ﾠ
suggest	 ﾠthat	 ﾠcolitics	 ﾠwere	 ﾠfasted	 ﾠany	 ﾠmore	 ﾠthan	 ﾠCrohn’s	 ﾠpatients,	 ﾠif	 ﾠanything	 ﾠthe	 ﾠ
opposite.	 ﾠWhole	 ﾠadipose	 ﾠtissue	 ﾠwas	 ﾠstudied	 ﾠso	 ﾠdifferences	 ﾠmay	 ﾠbe	 ﾠattributable	 ﾠto	 ﾠ	 ﾠ 71	 ﾠ
other	 ﾠ structures	 ﾠ within	 ﾠ the	 ﾠ tissues	 ﾠ such	 ﾠ as	 ﾠ lymphoid	 ﾠ cells	 ﾠ which	 ﾠ may	 ﾠ have	 ﾠ
contributed	 ﾠto	 ﾠthe	 ﾠresults	 ﾠas	 ﾠmuch	 ﾠas	 ﾠadipocytes.	 ﾠSubcutaneous	 ﾠtissue	 ﾠcontains	 ﾠ
minimal	 ﾠlymphoid	 ﾠcells	 ﾠand	 ﾠso	 ﾠis	 ﾠprobably	 ﾠthe	 ﾠmost	 ﾠrepresentative	 ﾠof	 ﾠadipocyte	 ﾠ
function	 ﾠalone.	 ﾠ
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3.3  Catecholamine	 ﾠSensitivity	 ﾠ
This	 ﾠexperiment	 ﾠaimed	 ﾠto	 ﾠprove	 ﾠthat	 ﾠthe	 ﾠadipose	 ﾠtissue	 ﾠsamples	 ﾠwere	 ﾠhormone	 ﾠ
sensitive	 ﾠex	 ﾠvivo	 ﾠand	 ﾠstill	 ﾠhormone	 ﾠsensitive	 ﾠafter	 ﾠ24hrs	 ﾠincubation.	 ﾠSamples	 ﾠwere	 ﾠ
cultured	 ﾠ in	 ﾠ either	 ﾠ CellGro®	 ﾠ for	 ﾠ 4	 ﾠ hours	 ﾠ or	 ﾠ CellGro®	 ﾠ and	 ﾠ 1μM	 ﾠ isoprenaline	 ﾠ in	 ﾠ
CellGro®.	 ﾠAt	 ﾠthe	 ﾠendpoint	 ﾠthe	 ﾠsupernatants	 ﾠwere	 ﾠtransferred	 ﾠto	 ﾠsterile	 ﾠEppendorfs	 ﾠ
and	 ﾠfrozen	 ﾠat	 ﾠ-ﾭ‐80°C.	 ﾠFor	 ﾠthe	 ﾠ24	 ﾠhour	 ﾠexperiment	 ﾠsamples	 ﾠwere	 ﾠcultured	 ﾠin	 ﾠCellGro®	 ﾠ
for	 ﾠ 24	 ﾠ hours	 ﾠ and	 ﾠ then	 ﾠ transferred	 ﾠ with	 ﾠ to	 ﾠ a	 ﾠ well	 ﾠ organ	 ﾠ bath	 ﾠ containing	 ﾠ more	 ﾠ
CellGro®	 ﾠor	 ﾠ1μM	 ﾠisoprenaline	 ﾠin	 ﾠCellGro®	 ﾠfor	 ﾠa	 ﾠfurther	 ﾠ4	 ﾠhours.	 ﾠThis	 ﾠtechnique	 ﾠis	 ﾠ
well	 ﾠ described	 ﾠ (Fried	 ﾠ and	 ﾠ Moustaid-ﾭ‐Moussa,	 ﾠ 2001)	 ﾠ and	 ﾠ previously	 ﾠ successfully	 ﾠ
replicated	 ﾠin	 ﾠour	 ﾠlaboratory	 ﾠ(Karastergiou	 ﾠand	 ﾠMohamed-ﾭ‐Ali,	 ﾠ2010).	 ﾠ
 
 
3.3.1  Differences	 ﾠin	 ﾠLipolysis	 ﾠafter	 ﾠ4hrs	 ﾠ
	 ﾠ
	 ﾠ Crohn’s	 ﾠ Ulcerative	 ﾠColitis	 ﾠ
N	 ﾠ 7	 ﾠ 4	 ﾠ
Sex	 ﾠ
(Male:Female)	 ﾠ
5:2	 ﾠ 2:2	 ﾠ
BMI	 ﾠ(kg/m2)	 ﾠ	 ﾠ
	 ﾠ
22.2	 ﾠ(19.7	 ﾠ–	 ﾠ24.5)	 ﾠ 23.1	 ﾠ(22.3	 ﾠ–	 ﾠ30.5)	 ﾠ
4hr	 ﾠMedium	 ﾠ CellGro®	 ﾠ CellGro®	 ﾠ+	 ﾠ
1μM	 ﾠ
isoprenaline	 ﾠ



















0.052	 ﾠ(0.036	 ﾠ–	 ﾠ
0.109)	 ﾠ
ϯ	 ﾠp=0.805	 ﾠ

















0.070	 ﾠ(0.046	 ﾠ–	 ﾠ
0.129)	 ﾠ
Table	 ﾠ14.	 ﾠA	 ﾠtable	 ﾠcomparing	 ﾠthe	 ﾠdifferences	 ﾠin	 ﾠnet	 ﾠNEFA	 ﾠrelease	 ﾠafter	 ﾠculture	 ﾠof	 ﾠ
the	 ﾠ three	 ﾠ adipose	 ﾠ depots	 ﾠ for	 ﾠ 4	 ﾠ hours	 ﾠ in	 ﾠ ether	 ﾠ CellGro®	 ﾠ or	 ﾠ CellGro®	 ﾠ +	 ﾠ 1μM	 ﾠ
isoprenaline	 ﾠ
Ϯ	 ﾠis	 ﾠthe	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠthe	 ﾠdifferent	 ﾠ4h	 ﾠmedia	 ﾠ
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Figure	 ﾠ10.	 ﾠThis	 ﾠgraph	 ﾠshows	 ﾠthe	 ﾠdifference	 ﾠin	 ﾠnet	 ﾠNEFA	 ﾠrelease	 ﾠafter	 ﾠ4h	 ﾠculture	 ﾠin	 ﾠ
CellGro®	 ﾠor	 ﾠCellGro®	 ﾠ+	 ﾠ1μM	 ﾠisoprenaline	 ﾠ
	 ﾠ
3.3.2  Findings	 ﾠ
Only	 ﾠ the	 ﾠ 4hrly	 ﾠ results	 ﾠ are	 ﾠ displayed	 ﾠ above	 ﾠ but	 ﾠ the	 ﾠ results	 ﾠ from	 ﾠ the	 ﾠ 24hr	 ﾠ
experiment	 ﾠwere	 ﾠthe	 ﾠsame.	 ﾠIt	 ﾠwas	 ﾠexpected	 ﾠthat	 ﾠboth	 ﾠthe	 ﾠ4	 ﾠhourly	 ﾠand	 ﾠthe	 ﾠ24	 ﾠ
hourly	 ﾠ experiments	 ﾠ would	 ﾠ demonstrate	 ﾠ a	 ﾠ marked	 ﾠ difference	 ﾠ in	 ﾠ the	 ﾠ degree	 ﾠ of	 ﾠ
lipolysis	 ﾠseen	 ﾠafter	 ﾠcatecholamine	 ﾠstimulation	 ﾠin	 ﾠline	 ﾠwith	 ﾠthe	 ﾠliterature	 ﾠand	 ﾠour	 ﾠ
laboratory’s	 ﾠprevious	 ﾠfindings.	 ﾠInstead	 ﾠno	 ﾠstatistical	 ﾠdifference	 ﾠwas	 ﾠseen	 ﾠin	 ﾠeither	 ﾠ
experiment.	 ﾠ Adipose	 ﾠ tissue	 ﾠ fresh	 ﾠ from	 ﾠ a	 ﾠ living	 ﾠ patient	 ﾠ certainly	 ﾠ ought	 ﾠ to	 ﾠ be	 ﾠ
responsive	 ﾠ to	 ﾠ isoprenaline	 ﾠ if	 ﾠ immediately	 ﾠ cultured.	 ﾠ We	 ﾠ concluded	 ﾠ that	 ﾠ the	 ﾠ
isoprenaline	 ﾠsolution	 ﾠwas	 ﾠin	 ﾠsome	 ﾠway	 ﾠflawed.	 ﾠThis	 ﾠcorrelated	 ﾠwith	 ﾠother	 ﾠfindings	 ﾠ
within	 ﾠ the	 ﾠ lab.	 ﾠ For	 ﾠ financial	 ﾠ reasons	 ﾠ isoprenaline	 ﾠ solution	 ﾠ made	 ﾠ by	 ﾠ a	 ﾠ previous	 ﾠ
fellow	 ﾠand	 ﾠfrozen	 ﾠat	 ﾠ-ﾭ‐20C	 ﾠwas	 ﾠinitially	 ﾠused.	 ﾠOnce	 ﾠthis	 ﾠhad	 ﾠbeen	 ﾠrejected	 ﾠand	 ﾠfresh	 ﾠ
solution	 ﾠ made.	 ﾠ We	 ﾠ were	 ﾠ able	 ﾠ to	 ﾠ confirm	 ﾠ hormone-ﾭ‐sensitivity	 ﾠ and	 ﾠ viability	 ﾠ of	 ﾠ
adipose	 ﾠtissue	 ﾠin	 ﾠculture	 ﾠat	 ﾠ24	 ﾠhours.	 ﾠ
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3.4  Matrigel	 ﾠAngiogenesis	 ﾠAssay	 ﾠ
We	 ﾠaimed	 ﾠto	 ﾠreplicate	 ﾠthe	 ﾠangiogenesis	 ﾠassay	 ﾠof	 ﾠGealekman	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠmore	 ﾠ
detail	 ﾠearlier	 ﾠ(Gealekman	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠFrom	 ﾠa	 ﾠsurgeon’s	 ﾠperspective	 ﾠthickened	 ﾠ
Crohn’s	 ﾠ mesentery	 ﾠ appears	 ﾠ very	 ﾠ vascular.	 ﾠ Similarly	 ﾠ the	 ﾠ histological	 ﾠ analysis	 ﾠ of	 ﾠ
Crohn’s	 ﾠ disease	 ﾠ affected	 ﾠ segments	 ﾠ of	 ﾠ bowel	 ﾠ reveal	 ﾠ local	 ﾠ vascultis	 ﾠ like	 ﾠ changes	 ﾠ
(Hendrickson	 ﾠet	 ﾠal.,	 ﾠ2002,	 ﾠVan	 ﾠKruiningen	 ﾠand	 ﾠColombel,	 ﾠ2008).	 ﾠIf	 ﾠwe	 ﾠwere	 ﾠable	 ﾠto	 ﾠ
induce	 ﾠangiogenesis	 ﾠfrom	 ﾠadipose	 ﾠtissue	 ﾠsamples	 ﾠin	 ﾠvivo	 ﾠthen	 ﾠwe	 ﾠmight	 ﾠbe	 ﾠable	 ﾠto	 ﾠ
show	 ﾠan	 ﾠeffect	 ﾠof	 ﾠdifferent	 ﾠelemental	 ﾠfeeds	 ﾠon	 ﾠthe	 ﾠdegree	 ﾠof	 ﾠangiogenesis.	 ﾠOnly	 ﾠone	 ﾠ
assay	 ﾠwas	 ﾠperformed	 ﾠwith	 ﾠ2	 ﾠsamples	 ﾠfrom	 ﾠeach	 ﾠdepot	 ﾠof	 ﾠone	 ﾠpatient	 ﾠwith	 ﾠCrohn’s	 ﾠ
disease	 ﾠ(Age	 ﾠ42,	 ﾠBMI	 ﾠ24).	 ﾠAfter	 ﾠtwo	 ﾠweeks	 ﾠa	 ﾠphoto	 ﾠof	 ﾠeach	 ﾠsample	 ﾠwas	 ﾠtaken	 ﾠ(see	 ﾠ
Fig	 ﾠ12)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
SC	 ﾠ1	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ SC	 ﾠ2	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ
OM1	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ OM2	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
MF1	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ MF2	 ﾠ
Figure	 ﾠ11	 ﾠThe	 ﾠphotos	 ﾠabove	 ﾠdepict	 ﾠthe	 ﾠrate of	 ﾠangiogenesis	 ﾠfrom	 ﾠeach	 ﾠdepot	 ﾠafter	 ﾠ
two	 ﾠweeks	 ﾠincubation	 ﾠin	 ﾠMatrigel	 ﾠwith	 ﾠendothelial	 ﾠgrowth	 ﾠmedia	 ﾠ(mag	 ﾠx10).	 ﾠSC	 ﾠ–
subcutaneous,	 ﾠOM	 ﾠ–	 ﾠomental,	 ﾠMF	 ﾠ–	 ﾠmesenteric.	 ﾠNot	 ﾠto	 ﾠscale.	 ﾠ	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3.4.1  Findings	 ﾠ
Angiogenesis	 ﾠ is	 ﾠ clearly	 ﾠ demonstrated	 ﾠ in	 ﾠ the	 ﾠ pictures	 ﾠ above	 ﾠ validating	 ﾠ the	 ﾠ
Gealeckman’s	 ﾠtechnique.	 ﾠThe	 ﾠsubcutaneous	 ﾠadipose	 ﾠtissue	 ﾠsamples	 ﾠappear	 ﾠto	 ﾠhave	 ﾠ
had	 ﾠ a	 ﾠ much	 ﾠ greater	 ﾠ response	 ﾠ than	 ﾠ the	 ﾠ visceral	 ﾠ depots	 ﾠ with	 ﾠ the	 ﾠ mesenteric	 ﾠ fat	 ﾠ
showing	 ﾠ the	 ﾠ least	 ﾠ response	 ﾠ to	 ﾠ the	 ﾠ endothelial	 ﾠ growth	 ﾠ medium.	 ﾠ Subcutaneous	 ﾠ
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4.1  Introduction	 ﾠ
The	 ﾠaim	 ﾠof	 ﾠthese	 ﾠexperiments	 ﾠwas	 ﾠto	 ﾠsee	 ﾠif	 ﾠelemental	 ﾠfeeds	 ﾠwith	 ﾠdifferent	 ﾠcontent	 ﾠ
might	 ﾠ exert	 ﾠ variable	 ﾠ effects	 ﾠ on	 ﾠ adipose	 ﾠ tissue	 ﾠ ex	 ﾠ vivo.	 ﾠ As	 ﾠ discussed	 ﾠ in	 ﾠ the	 ﾠ
introduction	 ﾠthere	 ﾠis	 ﾠcontroversy	 ﾠsurrounding	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠn-ﾭ‐3	 ﾠand	 ﾠn-ﾭ‐6	 ﾠfatty	 ﾠ
acids	 ﾠin	 ﾠrelation	 ﾠto	 ﾠthe	 ﾠmanagement	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠwhether	 ﾠthey	 ﾠprovide	 ﾠ
inflammatory	 ﾠ or	 ﾠ anti-ﾭ‐inflammatory	 ﾠ effects.	 ﾠ The	 ﾠ rationale	 ﾠ behind	 ﾠ the	 ﾠ choice	 ﾠ of	 ﾠ
feeds,	 ﾠElemental	 ﾠ028	 ﾠ(n-ﾭ‐6:n-ﾭ‐3	 ﾠratio	 ﾠ3.5:1)	 ﾠand	 ﾠEmsogen	 ﾠ(n-ﾭ‐6:n-ﾭ‐3	 ﾠratio	 ﾠ46.5:1)	 ﾠhas	 ﾠ
been	 ﾠdiscussed	 ﾠearlier	 ﾠin	 ﾠthe	 ﾠMethods	 ﾠchapter.	 ﾠ
4.2  Choice	 ﾠof	 ﾠconcentration	 ﾠ
It	 ﾠwas	 ﾠunknown	 ﾠwhether	 ﾠadipose	 ﾠtissue	 ﾠwould	 ﾠsurvive	 ﾠculture	 ﾠin	 ﾠelemental	 ﾠfeed	 ﾠin	 ﾠ
vitro	 ﾠand	 ﾠit	 ﾠwas	 ﾠalso	 ﾠunknown	 ﾠat	 ﾠwhat	 ﾠconcentration,	 ﾠif	 ﾠat	 ﾠall,	 ﾠCrohn’s	 ﾠmesenteric	 ﾠ
fat	 ﾠmight	 ﾠbe	 ﾠexposed	 ﾠto	 ﾠthe	 ﾠfat	 ﾠcontent	 ﾠof	 ﾠelemental	 ﾠfeed.	 ﾠGiven	 ﾠthat	 ﾠthe	 ﾠupper	 ﾠ
gastrointestinal	 ﾠtract	 ﾠproduces	 ﾠup	 ﾠto	 ﾠ8	 ﾠlitres	 ﾠof	 ﾠfluid	 ﾠper	 ﾠday,	 ﾠmost	 ﾠof	 ﾠwhich	 ﾠis	 ﾠ
reabsorbed	 ﾠalong	 ﾠthe	 ﾠsmall	 ﾠintestine,	 ﾠwe	 ﾠdeduced	 ﾠthat	 ﾠthe	 ﾠelemental	 ﾠfeed	 ﾠwould	 ﾠbe	 ﾠ
diluted	 ﾠby	 ﾠthe	 ﾠtime	 ﾠit	 ﾠhad	 ﾠreached	 ﾠthe	 ﾠterminal	 ﾠileum.	 ﾠAn	 ﾠexperiment	 ﾠwas	 ﾠdevised	 ﾠ
to	 ﾠ determine	 ﾠ the	 ﾠ best	 ﾠ concentration	 ﾠ of	 ﾠ elemental	 ﾠ feed	 ﾠ at	 ﾠ which	 ﾠ to	 ﾠ culture	 ﾠ the	 ﾠ
adipose	 ﾠtissue	 ﾠsamples.	 ﾠ
Subcutaneous,	 ﾠ omental	 ﾠ and	 ﾠ mesenteric	 ﾠ adipose	 ﾠ tissue	 ﾠ samples	 ﾠ were	 ﾠ collected	 ﾠ
from	 ﾠ a	 ﾠ patient	 ﾠ with	 ﾠ Crohn’s	 ﾠ disease.	 ﾠ These	 ﾠ samples	 ﾠ were	 ﾠ cultured	 ﾠ in	 ﾠ three	 ﾠ
concentrations	 ﾠ of	 ﾠ Elemental	 ﾠ 028	 ﾠ Extra	 ﾠ mixed	 ﾠ with	 ﾠ CellGro®	 ﾠ containing	 ﾠ 1%	 ﾠ
streptomycin/penicillin	 ﾠsolution	 ﾠfor	 ﾠ24	 ﾠhours	 ﾠunder	 ﾠstandard	 ﾠincubator	 ﾠconditions	 ﾠ
as	 ﾠdescribed	 ﾠin	 ﾠthe	 ﾠMethods	 ﾠsection.	 ﾠThe	 ﾠthree	 ﾠconcentrations	 ﾠwere	 ﾠ1:1,	 ﾠ1:2,	 ﾠ1:5	 ﾠ
Feed:CellGro®.	 ﾠ After	 ﾠ 24	 ﾠ hours	 ﾠ the	 ﾠ adipose	 ﾠ tissue	 ﾠ samples	 ﾠ were	 ﾠ transferred	 ﾠ to	 ﾠ
either	 ﾠCellGro®	 ﾠor	 ﾠCellGro®	 ﾠwith	 ﾠ1	 ﾠμM	 ﾠisoprenaline	 ﾠfor	 ﾠ4	 ﾠhours.	 ﾠThe	 ﾠsupernatants	 ﾠ
were	 ﾠthen	 ﾠanalysed	 ﾠfor	 ﾠNEFA	 ﾠas	 ﾠa	 ﾠmarker	 ﾠof	 ﾠlipolysis	 ﾠand	 ﾠthus	 ﾠviability	 ﾠand	 ﾠactivity.	 ﾠ
The	 ﾠ results	 ﾠ are	 ﾠ shown	 ﾠ in	 ﾠ Table	 ﾠ 15	 ﾠ with	 ﾠ percentage	 ﾠ change	 ﾠ (hormone-ﾭ‐
responsiveness)	 ﾠtaken	 ﾠas	 ﾠa	 ﾠmarker	 ﾠof	 ﾠthe	 ﾠmost	 ﾠeffective	 ﾠconcentration	 ﾠto	 ﾠuse	 ﾠfor	 ﾠ
further	 ﾠexperimentation.	 ﾠ
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 ﾠ
	 ﾠ NEFA	 ﾠmEq/L	 ﾠ %	 ﾠchange	 ﾠ
	 ﾠ CellGro®	 ﾠ CellGro®	 ﾠ+	 ﾠ1 μM	 ﾠ
isoprenaline	 ﾠ
	 ﾠ
1:1	 ﾠconcentration	 ﾠ 	 ﾠ
SC	 ﾠ 0.358	 ﾠ 0.462	 ﾠ 29%	 ﾠ
OM	 ﾠ 0.558	 ﾠ 0.599	 ﾠ 7%	 ﾠ
MF	 ﾠ 0.310	 ﾠ 0.306	 ﾠ -ﾭ‐1%	 ﾠ
1:2	 ﾠconcentration	 ﾠ 	 ﾠ
SC	 ﾠ 0.196	 ﾠ 0.275	 ﾠ 40%	 ﾠ
OM	 ﾠ 0.129	 ﾠ 0.220	 ﾠ 71%	 ﾠ
MF	 ﾠ 0.148	 ﾠ 0.190	 ﾠ 28%	 ﾠ
1:5	 ﾠconcentration	 ﾠ 	 ﾠ
SC	 ﾠ 0.102	 ﾠ 0.146	 ﾠ 43%	 ﾠ
OM	 ﾠ 0.092	 ﾠ 0.151	 ﾠ 64%	 ﾠ
MF	 ﾠ 0.123	 ﾠ 0.157	 ﾠ 28%	 ﾠ
Table	 ﾠ15.	 ﾠThis	 ﾠtable	 ﾠshows	 ﾠconcentrations	 ﾠof	 ﾠNEFA	 ﾠafter	 ﾠ24	 ﾠh	 ﾠculture	 ﾠin	 ﾠthe	 ﾠthree	 ﾠ
concentrations	 ﾠof	 ﾠfeed	 ﾠ(1:1,	 ﾠ1:2,	 ﾠ1:5)	 ﾠand	 ﾠthen	 ﾠ4	 ﾠhours	 ﾠculture	 ﾠin	 ﾠeither	 ﾠCellGro®	 ﾠor	 ﾠ
CellGro®	 ﾠwith	 ﾠ1	 ﾠμM	 ﾠisoprenaline.	 ﾠ
	 ﾠ
4.2.1  Findings	 ﾠ
The	 ﾠ findings	 ﾠ above	 ﾠ showed	 ﾠ the	 ﾠ hormone-ﾭ‐responsiveness	 ﾠ of	 ﾠ the	 ﾠ adipose	 ﾠ tissue	 ﾠ
after	 ﾠ24	 ﾠhours	 ﾠof	 ﾠculture.	 ﾠOverall	 ﾠthe	 ﾠ1:2	 ﾠconcentration	 ﾠof	 ﾠElemental	 ﾠ028	 ﾠExtra	 ﾠto	 ﾠ
CellGro®	 ﾠprovided	 ﾠthe	 ﾠgreatest	 ﾠincrease	 ﾠin	 ﾠNEFA	 ﾠ(74%)	 ﾠand	 ﾠso	 ﾠit	 ﾠwas	 ﾠdecided	 ﾠthat	 ﾠ
all	 ﾠ adipose	 ﾠ tissue	 ﾠ cultures	 ﾠ in	 ﾠ the	 ﾠ different	 ﾠ elemental	 ﾠ feeds	 ﾠ in	 ﾠ vitro	 ﾠ would	 ﾠ be	 ﾠ
performed	 ﾠat	 ﾠthis	 ﾠconcentration.	 ﾠ
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 ﾠ
4.3  Feed	 ﾠexperiments	 ﾠ
4.3.1  NEFA	 ﾠ
Initially	 ﾠ the	 ﾠ degree	 ﾠ of	 ﾠ lipolysis	 ﾠ was	 ﾠ measured	 ﾠ by	 ﾠ NEFA	 ﾠ concentration	 ﾠ in	 ﾠ the	 ﾠ
supernatant	 ﾠof	 ﾠsamples	 ﾠthat	 ﾠwere	 ﾠcultured	 ﾠin	 ﾠeither	 ﾠof	 ﾠthe	 ﾠtwo	 ﾠfeeds	 ﾠfor	 ﾠ24	 ﾠhours	 ﾠ
and	 ﾠthen	 ﾠfor	 ﾠ4hrs	 ﾠin	 ﾠCellGro®.	 ﾠ
4.3.1.1  Difference	 ﾠin	 ﾠlipolysis	 ﾠbetween	 ﾠfeeds	 ﾠand	 ﾠbetween	 ﾠdiseases.	 ﾠ
	 ﾠ Crohn’s	 ﾠ Ulcerative	 ﾠColitis	 ﾠ
Feed	 ﾠ E	 ﾠ028	 ﾠ Emsogen	 ﾠ E	 ﾠ028	 ﾠ Emsogen	 ﾠ
N	 ﾠ 9	 ﾠ 4	 ﾠ 3	 ﾠ 3	 ﾠ
Sex	 ﾠ(M:F)	 ﾠ 4:5	 ﾠ 2:2	 ﾠ 3:0	 ﾠ 2:1	 ﾠ
BMI	 ﾠ(kg/m2)	 ﾠ	 ﾠ
	 ﾠ














0.10(0.09-ﾭ‐)	 ﾠ 0.15	 ﾠ(0.11	 ﾠ–	 ﾠ
0.42)	 ﾠ
ϯ	 ﾠp=0.297	 ﾠ























0.21	 ﾠ(0.10	 ﾠ–	 ﾠ
0.33)	 ﾠ
ϯ	 ﾠp=0.01	 ﾠ
0.05	 ﾠ(0.04	 ﾠ–	 ﾠ
0.07)	 ﾠ
Table	 ﾠ16.	 ﾠNet	 ﾠrelease	 ﾠof	 ﾠNEFA	 ﾠis	 ﾠcompared	 ﾠbetween	 ﾠfeeds	 ﾠand	 ﾠbetween	 ﾠdiseases.	 ﾠ
Ϯ	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠfeeds.	 ﾠ
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 ﾠ	 ﾠ 80	 ﾠ
	 ﾠ
Figure	 ﾠ12	 ﾠThis	 ﾠgraph	 ﾠshows	 ﾠthe	 ﾠdifference	 ﾠin	 ﾠnet	 ﾠNEFA	 ﾠrelease	 ﾠbetween	 ﾠfeeds	 ﾠfor	 ﾠ
the	 ﾠthree	 ﾠadipose	 ﾠdepots.	 ﾠ
4.3.1.2  Both	 ﾠcohorts	 ﾠcombined	 ﾠ
The	 ﾠresults	 ﾠwhen	 ﾠboth	 ﾠdiseases	 ﾠare	 ﾠcombined	 ﾠtogether	 ﾠand	 ﾠthe	 ﾠfeeds	 ﾠcompared	 ﾠ
directly	 ﾠare	 ﾠshown	 ﾠbelow	 ﾠin	 ﾠTable	 ﾠ17	 ﾠand	 ﾠFigure	 ﾠ13.	 ﾠ
	 ﾠ Both	 ﾠdiseases	 ﾠcombined	 ﾠ
Feed	 ﾠ E	 ﾠ028	 ﾠ Emsogen	 ﾠ
N	 ﾠ 12	 ﾠ 7	 ﾠ
Sex	 ﾠ(M:F)	 ﾠ 8:5	 ﾠ 4:4	 ﾠ
BMI	 ﾠ(kg/m2)	 ﾠ	 ﾠ
	 ﾠ
23.7	 ﾠ(19.9	 ﾠ–	 ﾠ25.5)	 ﾠ 21.0	 ﾠ(20.2	 ﾠ-ﾭ‐23.9)	 ﾠ
SC	 ﾠNEFA	 ﾠmEq/L	 ﾠ
	 ﾠ
0.18(0.11-ﾭ‐	 ﾠ0.27)	 ﾠ	 ﾠ
ϯ	 ﾠp=0.037	 ﾠ
0.12(0.07-ﾭ‐	 ﾠ0.15)	 ﾠ
OM	 ﾠNEFA	 ﾠmEq/L	 ﾠ	 ﾠ
	 ﾠ
0.17	 ﾠ(0.10	 ﾠ–	 ﾠ0.27)	 ﾠ	 ﾠ
ϯ	 ﾠp<0.001	 ﾠ
0.05	 ﾠ(0.03-ﾭ‐0.07)	 ﾠ
MF	 ﾠNEFA	 ﾠmEq/L	 ﾠ
	 ﾠ	 ﾠ
0.20	 ﾠ(0.12	 ﾠ–	 ﾠ0.32)	 ﾠ	 ﾠ
ϯ	 ﾠp<0.001	 ﾠ
0.08	 ﾠ(0.04-ﾭ‐0.12)	 ﾠ
Table	 ﾠ17.	 ﾠNet	 ﾠNEFA	 ﾠrelease	 ﾠwhen	 ﾠboth	 ﾠdisease	 ﾠcohorts	 ﾠare	 ﾠcombined	 ﾠcompared	 ﾠ
between	 ﾠfeeds.	 ﾠ
Ϯ	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠfeeds.	 ﾠ
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Figure	 ﾠ 13	 ﾠ The	 ﾠ difference	 ﾠ in	 ﾠ NEFA	 ﾠ release	 ﾠ between	 ﾠ the	 ﾠ two	 ﾠ feeds	 ﾠ when	 ﾠ both	 ﾠ
disease	 ﾠcohorts	 ﾠare	 ﾠcombined.	 ﾠ
4.3.1.3  Findings	 ﾠ
For	 ﾠboth	 ﾠthe	 ﾠCrohn’s	 ﾠdisease	 ﾠcohort	 ﾠand	 ﾠthe	 ﾠulcerative	 ﾠcolitis	 ﾠcohort	 ﾠthere	 ﾠis	 ﾠa	 ﾠ
significant	 ﾠdifference	 ﾠin	 ﾠNEFA	 ﾠconcentration	 ﾠreleased	 ﾠfrom	 ﾠOM	 ﾠand	 ﾠMF	 ﾠadipose	 ﾠ
tissue	 ﾠdepots	 ﾠinto	 ﾠthe	 ﾠtwo	 ﾠincubation	 ﾠsolutions	 ﾠwith	 ﾠa	 ﾠ2-ﾭ‐3	 ﾠfold	 ﾠincrease	 ﾠin	 ﾠNEFA	 ﾠ
concentration	 ﾠin	 ﾠthose	 ﾠsamples	 ﾠthat	 ﾠwere	 ﾠcultured	 ﾠin	 ﾠElemental	 ﾠ028	 ﾠExtra.	 ﾠWhen	 ﾠ
both	 ﾠdiseases	 ﾠare	 ﾠcombined	 ﾠnot	 ﾠonly	 ﾠis	 ﾠthe	 ﾠsignificance	 ﾠof	 ﾠthe	 ﾠdifference	 ﾠeven	 ﾠmore	 ﾠ
powerful	 ﾠ but	 ﾠ also	 ﾠ there	 ﾠ becomes	 ﾠ a	 ﾠ significant	 ﾠ difference	 ﾠ between	 ﾠ the	 ﾠ
subcutaneous	 ﾠdepots	 ﾠtoo	 ﾠ(0.17	 ﾠvs	 ﾠ0.05	 ﾠmEq/L	 ﾠin	 ﾠOM	 ﾠand	 ﾠ0.2	 ﾠvs	 ﾠ0.08	 ﾠmEq/L	 ﾠin	 ﾠMF).	 ﾠ
 
 
4.4  Cytokine	 ﾠAnalyses	 ﾠ
For	 ﾠthe	 ﾠcytokine	 ﾠanalysis	 ﾠsix	 ﾠpatients	 ﾠfrom	 ﾠeach	 ﾠcohort	 ﾠhad	 ﾠadipose	 ﾠtissue	 ﾠsamples	 ﾠ
cultured	 ﾠin	 ﾠboth	 ﾠfeeds	 ﾠfor	 ﾠ24	 ﾠhours	 ﾠand	 ﾠthen	 ﾠCellGro®	 ﾠfor	 ﾠ4	 ﾠhours.	 ﾠBy	 ﾠensuring	 ﾠthat	 ﾠ
all	 ﾠsamples	 ﾠfrom	 ﾠall	 ﾠpatients	 ﾠunderwent	 ﾠculture	 ﾠin	 ﾠboth	 ﾠfeeds	 ﾠabsolute	 ﾠparity	 ﾠwas	 ﾠ
ensured.	 ﾠThe	 ﾠsupernatants	 ﾠwere	 ﾠthen	 ﾠassayed	 ﾠfor	 ﾠIL-ﾭ‐6,	 ﾠLeptin	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠusing	 ﾠ
ELISA.	 ﾠ	 ﾠ 82	 ﾠ
	 ﾠ
4.4.1  IL-ﾭ‐6,	 ﾠLeptin	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠ
The	 ﾠresults	 ﾠof	 ﾠthe	 ﾠELISAs	 ﾠfor	 ﾠall	 ﾠthree	 ﾠcytokines	 ﾠare	 ﾠtabulated	 ﾠbelow.	 ﾠ
	 ﾠ
	 ﾠ Crohn’s	 ﾠ Ulcerative	 ﾠColitis	 ﾠ
N	 ﾠ 6	 ﾠ 6	 ﾠ
Sex	 ﾠ
(M:F)	 ﾠ
3:3	 ﾠ 2:4	 ﾠ
BMI	 ﾠ
(kg/m2)	 ﾠ	 ﾠ
21.8	 ﾠ(18.3	 ﾠ–	 ﾠ29.7)	 ﾠ 23.5	 ﾠ(19.3	 ﾠ–	 ﾠ30.0)	 ﾠ
Feed	 ﾠ E	 ﾠ028	 ﾠ Emsogen	 ﾠ E	 ﾠ028	 ﾠ Emsogen	 ﾠ
IL-ﾭ‐6	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
SC	 ﾠIL-ﾭ‐6	 ﾠ
ng/	 ﾠml	 ﾠ	 ﾠ
0.16	 ﾠ(0.08	 ﾠ–	 ﾠ
0.28)	 ﾠ
ϯ	 ﾠp=0.172	 ﾠ
0.33	 ﾠ(0.18	 ﾠ–	 ﾠ
0.95)	 ﾠ
0.61	 ﾠ(0.38	 ﾠ–	 ﾠ
1.62)	 ﾠ
ϯ	 ﾠp=0.686	 ﾠ
2.20	 ﾠ(0.22	 ﾠ–	 ﾠ
7.26)	 ﾠ
OM	 ﾠIL-ﾭ‐6	 ﾠ
ng/	 ﾠml	 ﾠ	 ﾠ
	 ﾠ





3.25	 ﾠ(0.73	 ﾠ–	 ﾠ
20.89)	 ﾠ
ϯ	 ﾠp=0.05	 ﾠ





1.18	 ﾠ(0.19	 ﾠ–	 ﾠ
2.21)	 ﾠ
ϯ	 ﾠp=0.204	 ﾠ
3.65	 ﾠ(0.15	 ﾠ–	 ﾠ
5.51)	 ﾠ
1.64	 ﾠ(0.79	 ﾠ–	 ﾠ
5.46)	 ﾠ
ϯ	 ﾠp=0.043	 ﾠ
6.56	 ﾠ(1.96	 ﾠ–	 ﾠ
20.45)	 ﾠ




0.09	 ﾠ(0.07	 ﾠ–	 ﾠ
0.44)	 ﾠ
ϯ	 ﾠp=0.400	 ﾠ
0.13	 ﾠ(0.08	 ﾠ–	 ﾠ
3.43)	 ﾠ
0.36	 ﾠ(0.09	 ﾠ–	 ﾠ
0.82)	 ﾠ
ϯ	 ﾠp=0.386	 ﾠ




ng/	 ﾠml	 ﾠ	 ﾠ
	 ﾠ
0.07	 ﾠ(0.06	 ﾠ–	 ﾠ
0.09)	 ﾠ
ϯ	 ﾠp=0.060	 ﾠ
0.12	 ﾠ(0.07	 ﾠ–	 ﾠ
0.48)	 ﾠ
	 ﾠ0.11	 ﾠ(0.07	 ﾠ–	 ﾠ
0.33)	 ﾠ
ϯ	 ﾠp=0.028	 ﾠ






0.08	 ﾠ(0.06	 ﾠ-ﾭ‐	 ﾠ
0.14)	 ﾠ
ϯ	 ﾠp=0.056	 ﾠ
0.14	 ﾠ(0.08	 ﾠ–	 ﾠ
0.25)	 ﾠ
0.31	 ﾠ(0.10	 ﾠ–	 ﾠ
1.57)	 ﾠ
ϯ	 ﾠp=0.119	 ﾠ
1.38	 ﾠ(0.33	 ﾠ–	 ﾠ
5.54)	 ﾠ




0.69	 ﾠ(0.55	 ﾠ–	 ﾠ
0.78)	 ﾠ
ϯ	 ﾠp=0.024	 ﾠ
1.65	 ﾠ(0.87	 ﾠ–	 ﾠ
9.97)	 ﾠ
2.4	 ﾠ(0.78	 ﾠ–	 ﾠ
6.76)	 ﾠ
ϯ	 ﾠp=0.356	 ﾠ
6.08	 ﾠ(2.67	 ﾠ–	 ﾠ
13.56)	 ﾠ
OM	 ﾠMCP-ﾭ‐
1	 ﾠng/	 ﾠml	 ﾠ	 ﾠ
	 ﾠ
1.1	 ﾠ(0.64	 ﾠ–	 ﾠ
4.16)	 ﾠ
ϯ	 ﾠp=0.004	 ﾠ
10.34	 ﾠ(2.36	 ﾠ–	 ﾠ
22.61)	 ﾠ
2.81	 ﾠ(0.89	 ﾠ–	 ﾠ
39.37)	 ﾠ
ϯ	 ﾠp=0.119	 ﾠ
28.71	 ﾠ(12.46	 ﾠ–	 ﾠ
42.16)	 ﾠ
MF	 ﾠMCP-ﾭ‐
1	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ	 ﾠ
0.89	 ﾠ(0.56	 ﾠ–	 ﾠ
1.24)	 ﾠ
ϯ	 ﾠp=0.018	 ﾠ
2.24	 ﾠ(0.76	 ﾠ–	 ﾠ
4.80)	 ﾠ
3.21	 ﾠ(1.04	 ﾠ–	 ﾠ
10.03)	 ﾠ
ϯ	 ﾠp=0.057	 ﾠ
12.69	 ﾠ(4.55	 ﾠ–	 ﾠ
20.32)	 ﾠ
Table	 ﾠ18.	 ﾠThe	 ﾠnet	 ﾠrelease	 ﾠof	 ﾠeach	 ﾠcytokine	 ﾠis	 ﾠcompared	 ﾠby	 ﾠfeed	 ﾠand	 ﾠdisease	 ﾠcohort	 ﾠ
Ϯ	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠfeeds.	 ﾠ	 ﾠ 83	 ﾠ
4.4.1.1  IL-ﾭ‐6	 ﾠ
	 ﾠ
Figure	 ﾠ14	 ﾠA	 ﾠgraph	 ﾠcomparing	 ﾠnet	 ﾠIL-ﾭ‐6	 ﾠrelease	 ﾠbetween	 ﾠfeeds	 ﾠby	 ﾠadipose	 ﾠdepot	 ﾠand	 ﾠ
disease	 ﾠ
4.4.1.2  Leptin	 ﾠ
	 ﾠ
Figure	 ﾠ15	 ﾠA	 ﾠgraph	 ﾠcomparing	 ﾠnet	 ﾠLeptin	 ﾠrelease	 ﾠbetween	 ﾠfeeds	 ﾠby	 ﾠadipose	 ﾠdepot	 ﾠ
and	 ﾠdisease	 ﾠ	 ﾠ 84	 ﾠ
	 ﾠ
4.4.1.3  MCP-ﾭ‐1	 ﾠ
	 ﾠ
Figure	 ﾠ16	 ﾠA	 ﾠgraph	 ﾠcomparing	 ﾠnet	 ﾠMCP-ﾭ‐1	 ﾠrelease	 ﾠbetween	 ﾠfeeds	 ﾠby	 ﾠadipose	 ﾠdepot	 ﾠ
and	 ﾠdisease	 ﾠ
	 ﾠ
4.4.2  Findings	 ﾠ
There	 ﾠis	 ﾠa	 ﾠclear	 ﾠtrend	 ﾠtowards	 ﾠIl-ﾭ‐6,	 ﾠLeptin	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠbeing	 ﾠraised	 ﾠin	 ﾠadipose	 ﾠtissue	 ﾠ
samples	 ﾠthat	 ﾠwere	 ﾠcultured	 ﾠin	 ﾠEmsogen	 ﾠin	 ﾠcomparison	 ﾠto	 ﾠElemental	 ﾠ028	 ﾠExtra	 ﾠbut	 ﾠ
this	 ﾠis	 ﾠstatistically	 ﾠsignificant	 ﾠin	 ﾠonly	 ﾠthe	 ﾠsix	 ﾠcomparisons	 ﾠhighlighted	 ﾠin	 ﾠTable	 ﾠ18.	 ﾠ	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4.5  Cytokine	 ﾠanalysis	 ﾠwith	 ﾠcombined	 ﾠdisease	 ﾠcohorts	 ﾠ
To	 ﾠanalyse	 ﾠsolely	 ﾠthe	 ﾠdifference	 ﾠin	 ﾠeffect	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠfeeds,	 ﾠthe	 ﾠresults	 ﾠfrom	 ﾠ
the	 ﾠ disease	 ﾠ cohorts	 ﾠ were	 ﾠ combined	 ﾠ and	 ﾠ these	 ﾠ are	 ﾠ displayed	 ﾠ in	 ﾠ Table	 ﾠ 19	 ﾠ and	 ﾠ
graphically	 ﾠin	 ﾠFigures	 ﾠ17,	 ﾠ18	 ﾠ&	 ﾠ19.	 ﾠ
4.5.1  IL-ﾭ‐6,	 ﾠLeptin	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠwhen	 ﾠboth	 ﾠcohorts	 ﾠcombined	 ﾠ
	 ﾠ
	 ﾠ Both	 ﾠdiseases	 ﾠcombined	 ﾠ
N	 ﾠ 12	 ﾠ
Sex	 ﾠ(M:F)	 ﾠ 5:7	 ﾠ
BMI	 ﾠ(kg/m2)	 ﾠ	 ﾠ 23.1	 ﾠ(19.3	 ﾠ–	 ﾠ29.7)	 ﾠ
Feed	 ﾠ E	 ﾠ028	 ﾠ Emsogen	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠIL-ﾭ‐6	 ﾠ
SC	 ﾠIL-ﾭ‐6	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ
0.39	 ﾠ(0.11	 ﾠ–	 ﾠ0.99)	 ﾠ	 ﾠ
ϯ	 ﾠp=0.402	 ﾠ
0.5	 ﾠ(0.2-ﾭ‐2.65)	 ﾠ
OM	 ﾠIL-ﾭ‐6	 ﾠng/	 ﾠml	 ﾠ	 ﾠ
	 ﾠ
3.07	 ﾠ(0.62	 ﾠ–	 ﾠ19.1)	 ﾠ	 ﾠ
ϯ	 ﾠp=0.018	 ﾠ
18.6	 ﾠ(3.1-ﾭ‐	 ﾠ21.8)	 ﾠ
MF	 ﾠIL-ﾭ‐6	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ	 ﾠ
1.50	 ﾠ(0.42	 ﾠ–	 ﾠ2.61)	 ﾠ
ϯ	 ﾠp=0.030	 ﾠ
3.77	 ﾠ(0.76	 ﾠ–	 ﾠ9.52)	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠLeptin	 ﾠ
SC	 ﾠLeptin	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ
0.21	 ﾠ(0.08	 ﾠ–	 ﾠ0.64)	 ﾠ
ϯ	 ﾠp=0.358	 ﾠ
0.24	 ﾠ(0.09	 ﾠ–	 ﾠ2.30)	 ﾠ
OM	 ﾠLeptin	 ﾠng/ml	 ﾠ	 ﾠ
	 ﾠ
0.08	 ﾠ(0.07	 ﾠ–	 ﾠ0.14)	 ﾠ
ϯ	 ﾠp=0.006	 ﾠ
0.42	 ﾠ(0.08	 ﾠ–	 ﾠ0.90)	 ﾠ
MF	 ﾠLeptin	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ	 ﾠ
0.12	 ﾠ(0.07	 ﾠ–	 ﾠ0.31)	 ﾠ
ϯ	 ﾠp=0.033	 ﾠ
0.27	 ﾠ(0.13	 ﾠ–	 ﾠ2.62)	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠMCP-ﾭ‐1	 ﾠ
SC	 ﾠMCP-ﾭ‐1	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ
0.81	 ﾠ(0.67	 ﾠ–	 ﾠ6.17)	 ﾠ
ϯ	 ﾠp=0.070	 ﾠ
3.38	 ﾠ(1.26	 ﾠ–	 ﾠ13.26)	 ﾠ
OM	 ﾠMCP-ﾭ‐1	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ
1.83	 ﾠ(0.69	 ﾠ–	 ﾠ4.82)	 ﾠ
ϯ	 ﾠp=0.002	 ﾠ
18.80	 ﾠ(4.39	 ﾠ–	 ﾠ31.5)	 ﾠ
MF	 ﾠMCP-ﾭ‐1	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ	 ﾠ
1.2	 ﾠ(0.82	 ﾠ–	 ﾠ3.39)	 ﾠ
ϯ	 ﾠp=0.006	 ﾠ
4.59	 ﾠ(2.20	 ﾠ–	 ﾠ13.72)	 ﾠ
Table	 ﾠ 19.	 ﾠ The	 ﾠ net	 ﾠ release	 ﾠ of	 ﾠ each	 ﾠ cytokine	 ﾠ from	 ﾠ the	 ﾠ three	 ﾠ adipose	 ﾠ depots	 ﾠ
compared	 ﾠby	 ﾠfeed	 ﾠand	 ﾠregardless	 ﾠof	 ﾠdisease	 ﾠcohort.	 ﾠ
Ϯ	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠfeeds	 ﾠ 86	 ﾠ
4.5.2  IL-ﾭ‐6	 ﾠ 	 ﾠ
	 ﾠ
Figure	 ﾠ17	 ﾠA	 ﾠgraph	 ﾠcomparing	 ﾠnet	 ﾠIL-ﾭ‐6	 ﾠrelease	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠfeeds	 ﾠby	 ﾠadipose	 ﾠ
depot	 ﾠregardless	 ﾠof	 ﾠdisease	 ﾠ
4.5.3  Leptin	 ﾠ
	 ﾠ
Figure	 ﾠ18	 ﾠA	 ﾠgraph	 ﾠcomparing	 ﾠnet	 ﾠLeptin	 ﾠrelease	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠfeeds	 ﾠby	 ﾠadipose	 ﾠ
depot	 ﾠregardless	 ﾠof	 ﾠdisease	 ﾠ
	 ﾠ 	 ﾠ	 ﾠ 87	 ﾠ
4.5.4  MCP-ﾭ‐1	 ﾠ
	 ﾠ
Figure	 ﾠ19	 ﾠA	 ﾠgraph	 ﾠcomparing	 ﾠnet	 ﾠMCP-ﾭ‐1	 ﾠrelease	 ﾠbetween	 ﾠfeeds	 ﾠby	 ﾠadipose	 ﾠdepot	 ﾠ
regardless	 ﾠof	 ﾠdisease	 ﾠ
4.5.5  Findings	 ﾠ
When	 ﾠboth	 ﾠthe	 ﾠdisease	 ﾠcohorts	 ﾠare	 ﾠcombined	 ﾠthere	 ﾠis	 ﾠa	 ﾠhighly	 ﾠsignificant	 ﾠdifference	 ﾠ
between	 ﾠthe	 ﾠconcentrations	 ﾠof	 ﾠall	 ﾠIL-ﾭ‐6	 ﾠ(p=0.018	 ﾠand	 ﾠp=0.03),	 ﾠLeptin	 ﾠ(p=0.006	 ﾠand	 ﾠ
p=0.033)	 ﾠ and	 ﾠ MCP-ﾭ‐1	 ﾠ (p=0.002	 ﾠ and	 ﾠ p=0.006)	 ﾠ between	 ﾠ feeds	 ﾠ for	 ﾠ omental	 ﾠ and	 ﾠ
mesenteric	 ﾠfat.	 ﾠThe	 ﾠamount	 ﾠof	 ﾠall	 ﾠthree	 ﾠcytokines	 ﾠis	 ﾠbetween	 ﾠ2	 ﾠand	 ﾠ9	 ﾠfold	 ﾠhigher	 ﾠ
from	 ﾠ tissues	 ﾠ that	 ﾠ were	 ﾠ cultured	 ﾠ in	 ﾠ Emsogen	 ﾠ than	 ﾠ Elemental	 ﾠ 028	 ﾠ Extra.	 ﾠ
Interestingly	 ﾠ however,	 ﾠ there	 ﾠ was	 ﾠ no	 ﾠ significant	 ﾠ difference	 ﾠ between	 ﾠ the	 ﾠ
subcutaneous	 ﾠdepots	 ﾠin	 ﾠall	 ﾠthree	 ﾠcytokine	 ﾠconcentrations.	 ﾠThis	 ﾠmay	 ﾠbe	 ﾠexplained	 ﾠ
by	 ﾠthe	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠstromal	 ﾠvascular	 ﾠfraction	 ﾠand	 ﾠlymphoid	 ﾠtissue	 ﾠcomponent	 ﾠ
of	 ﾠomental	 ﾠand	 ﾠmesenteric	 ﾠfat	 ﾠcompared	 ﾠto	 ﾠsubcutaneous	 ﾠtissue.	 ﾠ
	 ﾠ
	 ﾠ 	 ﾠ	 ﾠ 88	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4.6  Overall	 ﾠdata	 ﾠfor	 ﾠIL-ﾭ‐6	 ﾠ
In	 ﾠan	 ﾠattempt	 ﾠto	 ﾠincrease	 ﾠthe	 ﾠpower	 ﾠof	 ﾠthe	 ﾠdata	 ﾠall	 ﾠof	 ﾠthe	 ﾠIL-ﾭ‐6	 ﾠassay	 ﾠresults	 ﾠwere	 ﾠ
combined	 ﾠregardless	 ﾠof	 ﾠdisease	 ﾠcohort.	 ﾠThis	 ﾠincluded	 ﾠthe	 ﾠ12	 ﾠpatients	 ﾠwhose	 ﾠtissues	 ﾠ
were	 ﾠcultured	 ﾠin	 ﾠboth	 ﾠfeeds	 ﾠand	 ﾠthus	 ﾠdirectly	 ﾠcomparable	 ﾠand	 ﾠ12	 ﾠcases	 ﾠthat	 ﾠwere	 ﾠ




	 ﾠ Both	 ﾠdiseases	 ﾠcombined	 ﾠ
Feed	 ﾠ E	 ﾠ028	 ﾠ Emsogen	 ﾠ
N	 ﾠ 20	 ﾠ 16	 ﾠ
Sex	 ﾠ(M:F)	 ﾠ 9:11	 ﾠ 7:9	 ﾠ
BMI	 ﾠ(kg/m2)	 ﾠ	 ﾠ 23.7	 ﾠ(19.6	 ﾠ–	 ﾠ29.6)	 ﾠ 22.0	 ﾠ(20.0	 ﾠ–	 ﾠ29.7)	 ﾠ
IL-ﾭ‐6	 ﾠ
SC	 ﾠIL-ﾭ‐6	 ﾠng/ml	 ﾠ
	 ﾠ
0.43	 ﾠ(0.18	 ﾠ–	 ﾠ1.78)	 ﾠ
ϯ	 ﾠp=0.159	 ﾠ
0.99	 ﾠ(0.23	 ﾠ–	 ﾠ6.37)	 ﾠ	 ﾠ
	 ﾠ
OM	 ﾠIL-ﾭ‐6	 ﾠng/ml	 ﾠ
	 ﾠ
2.05	 ﾠ(0.64	 ﾠ–	 ﾠ12.15)	 ﾠ	 ﾠ
ϯ	 ﾠp<0.001	 ﾠ
19.07	 ﾠ(8.07	 ﾠ-ﾭ‐	 ﾠ21.93)	 ﾠ
MF	 ﾠIL-ﾭ‐6	 ﾠng/	 ﾠml	 ﾠ
	 ﾠ	 ﾠ
1.40	 ﾠ(0.23	 ﾠ–	 ﾠ2.88)	 ﾠ
ϯ	 ﾠp=0.001	 ﾠ
5.45	 ﾠ(1.96	 ﾠ–	 ﾠ18.69)	 ﾠ
Table	 ﾠ20.	 ﾠThe	 ﾠnet	 ﾠrelease	 ﾠof	 ﾠIL-ﾭ‐6	 ﾠfrom	 ﾠthe	 ﾠthree	 ﾠadipose	 ﾠdepots	 ﾠcompared	 ﾠby	 ﾠfeed	 ﾠ
regardless	 ﾠof	 ﾠdisease	 ﾠcohort	 ﾠand	 ﾠin	 ﾠall	 ﾠcases.	 ﾠ
Ϯ	 ﾠStatistical	 ﾠdifference	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠfeeds	 ﾠ	 ﾠ 89	 ﾠ
	 ﾠ
Figure	 ﾠ20	 ﾠThe	 ﾠnet	 ﾠrelease	 ﾠof	 ﾠIL-ﾭ‐6	 ﾠfrom	 ﾠthe	 ﾠthree	 ﾠadipose	 ﾠdepots	 ﾠcompared	 ﾠby	 ﾠfeed	 ﾠ
regardless	 ﾠof	 ﾠdisease	 ﾠcohort	 ﾠand	 ﾠin	 ﾠall	 ﾠcases.	 ﾠ
	 ﾠ
4.6.1  Findings	 ﾠ
When	 ﾠ combined	 ﾠ the	 ﾠ difference	 ﾠ in	 ﾠ IL-ﾭ‐6	 ﾠ release	 ﾠ from	 ﾠ omental	 ﾠ and	 ﾠ mesenteric	 ﾠ
adipose	 ﾠtissue	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠfeeds	 ﾠbecomes	 ﾠeven	 ﾠmore	 ﾠstatistically	 ﾠsignificant	 ﾠ
with	 ﾠ Emsogen	 ﾠ resulting	 ﾠ in	 ﾠ far	 ﾠ greater	 ﾠ amounts	 ﾠ of	 ﾠ IL-ﾭ‐6	 ﾠ release	 ﾠ (p<0.001	 ﾠ and	 ﾠ
p=0.001	 ﾠ for	 ﾠ OM	 ﾠ and	 ﾠ MF	 ﾠ respectively).	 ﾠ Again	 ﾠ the	 ﾠ effect	 ﾠ is	 ﾠ not	 ﾠ replicated	 ﾠ with	 ﾠ
subcutaneous	 ﾠfat.	 ﾠ
	 ﾠ
4.7  Correlation	 ﾠbetween	 ﾠcytokines	 ﾠ
Having	 ﾠfound	 ﾠthat	 ﾠIL-ﾭ‐6,	 ﾠLeptin	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠconcentrations	 ﾠwere	 ﾠsignificantly	 ﾠraised	 ﾠ
after	 ﾠ culture	 ﾠ in	 ﾠ Elemental	 ﾠ 028	 ﾠ Extra	 ﾠ compared	 ﾠ to	 ﾠ Emsogen,	 ﾠ Spearman’s	 ﾠ rank	 ﾠ
correlation	 ﾠcoefficient	 ﾠwas	 ﾠused	 ﾠto	 ﾠmeasure	 ﾠdependence	 ﾠbetween	 ﾠthe	 ﾠcytokines.	 ﾠ	 ﾠIt	 ﾠ
would	 ﾠbe	 ﾠexpected	 ﾠthat	 ﾠthe	 ﾠcytokines	 ﾠwould	 ﾠcorrelate	 ﾠas	 ﾠthey	 ﾠare	 ﾠall	 ﾠindependent	 ﾠ
markers	 ﾠ of	 ﾠ inflammation	 ﾠ and	 ﾠ therefore	 ﾠ should	 ﾠ all	 ﾠ rise	 ﾠ with	 ﾠ an	 ﾠ inflammatory	 ﾠ
stimulus.	 ﾠ Every	 ﾠ cytokine	 ﾠ analysis	 ﾠ is	 ﾠ included	 ﾠ hence	 ﾠ the	 ﾠ high	 ﾠ n-ﾭ‐numbers.	 ﾠ The	 ﾠ
results	 ﾠare	 ﾠtabulated	 ﾠbelow.	 ﾠ	 ﾠ 90	 ﾠ
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4.7.1  Overall	 ﾠcorrelation	 ﾠregardless	 ﾠof	 ﾠdepot,	 ﾠdisease	 ﾠor	 ﾠfeed	 ﾠ
	 ﾠ
	 ﾠ
Table	 ﾠ21.	 ﾠCorrelation	 ﾠregardless	 ﾠof	 ﾠdepot,	 ﾠdisease	 ﾠor	 ﾠfeed.	 ﾠ
	 ﾠ
4.7.2  Correlation	 ﾠbetween	 ﾠcytokines	 ﾠreleased	 ﾠfrom	 ﾠcases	 ﾠcultured	 ﾠin	 ﾠboth	 ﾠ
feeds	 ﾠ
	 ﾠ









1.000	 ﾠ .591	 ﾠ .868	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .	 ﾠ .000	 ﾠ .000	 ﾠ





.591	 ﾠ 1.000	 ﾠ .771	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .	 ﾠ .000	 ﾠ





.868	 ﾠ .771	 ﾠ 1.000	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .000	 ﾠ .	 ﾠ
N	 ﾠ 239	 ﾠ 239	 ﾠ 239	 ﾠ
Table	 ﾠ22.	 ﾠCorrelation	 ﾠbetween	 ﾠcytokines	 ﾠreleased	 ﾠfrom	 ﾠcases	 ﾠcultured	 ﾠin	 ﾠboth	 ﾠfeeds	 ﾠ
	 ﾠ











1.000	 ﾠ -ﾭ‐.644	 ﾠ .591	 ﾠ .868	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .	 ﾠ .000	 ﾠ .000	 ﾠ .000	 ﾠ





-ﾭ‐.644	 ﾠ 1.000	 ﾠ -ﾭ‐.672	 ﾠ -ﾭ‐.672	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .	 ﾠ .000	 ﾠ .000	 ﾠ





.591	 ﾠ -ﾭ‐.672	 ﾠ 1.000	 ﾠ .771	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .000	 ﾠ .	 ﾠ .000	 ﾠ





.868	 ﾠ -ﾭ‐.672	 ﾠ .771	 ﾠ 1.000	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .000	 ﾠ .000	 ﾠ .	 ﾠ
N	 ﾠ 239	 ﾠ 50	 ﾠ 239	 ﾠ 239	 ﾠ	 ﾠ 91	 ﾠ
4.7.2.1  Correlation	 ﾠof	 ﾠcytokines	 ﾠfrom	 ﾠsubcutaneous	 ﾠfat	 ﾠonly	 ﾠ
	 ﾠ









1.000	 ﾠ .666	 ﾠ .861	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .	 ﾠ .000	 ﾠ .000	 ﾠ





.666	 ﾠ 1.000	 ﾠ .821	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .	 ﾠ .000	 ﾠ





.861	 ﾠ .821	 ﾠ 1.000	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .000	 ﾠ .	 ﾠ
N	 ﾠ 70	 ﾠ 70	 ﾠ 70	 ﾠ
Table	 ﾠ23.	 ﾠCorrelation	 ﾠof	 ﾠcytokines	 ﾠfor	 ﾠsubcutaneous	 ﾠfat	 ﾠonly.	 ﾠ
	 ﾠ
4.7.2.2  Correlation	 ﾠof	 ﾠcytokines	 ﾠfrom	 ﾠOmental	 ﾠfat	 ﾠonly	 ﾠ
	 ﾠ









1.000	 ﾠ .702	 ﾠ .855	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .	 ﾠ .000	 ﾠ .000	 ﾠ





.702	 ﾠ 1.000	 ﾠ .799	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .	 ﾠ .000	 ﾠ





.855	 ﾠ .799	 ﾠ 1.000	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .000	 ﾠ .	 ﾠ
N	 ﾠ 84	 ﾠ 84	 ﾠ 84	 ﾠ




	 ﾠ	 ﾠ 92	 ﾠ
4.7.2.3  Correlation	 ﾠof	 ﾠcytokines	 ﾠfrom	 ﾠMesenteric	 ﾠfat	 ﾠonly	 ﾠ
	 ﾠ









1.000	 ﾠ .676	 ﾠ .879	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .	 ﾠ .000	 ﾠ .000	 ﾠ





.676	 ﾠ 1.000	 ﾠ .823	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .	 ﾠ .000	 ﾠ





.879	 ﾠ .823	 ﾠ 1.000	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .000	 ﾠ .	 ﾠ
N	 ﾠ 84	 ﾠ 84	 ﾠ 84	 ﾠ
Table	 ﾠ25.	 ﾠCorrelation	 ﾠof	 ﾠcytokines	 ﾠfrom	 ﾠmesenteric	 ﾠfat	 ﾠonly.	 ﾠ	 ﾠ 93	 ﾠ
4.7.3  Correlation	 ﾠbetween	 ﾠIL-ﾭ‐6	 ﾠand	 ﾠNEFA	 ﾠ
4.7.3.1  Correlation	 ﾠbetween	 ﾠIL-ﾭ‐6	 ﾠand	 ﾠNEFA	 ﾠfrom	 ﾠSubcutaneous	 ﾠfat	 ﾠ
	 ﾠ
	 ﾠ IL-ﾭ‐6	 ﾠng/ml	 ﾠ NEFA	 ﾠmEq/L	 ﾠ
IL-ﾭ‐6	 ﾠng/ml	 ﾠ
Correlation	 ﾠCoefficient	 ﾠ 1.000	 ﾠ -ﾭ‐.449	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .	 ﾠ .001	 ﾠ
N	 ﾠ 51	 ﾠ 51	 ﾠ
NEFA	 ﾠmEq/L	 ﾠ
Correlation	 ﾠCoefficient	 ﾠ -ﾭ‐.449	 ﾠ 1.000	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .001	 ﾠ .	 ﾠ
N	 ﾠ 51	 ﾠ 96	 ﾠ
Table	 ﾠ26.	 ﾠCorrelation	 ﾠbetween	 ﾠIL-ﾭ‐6	 ﾠand	 ﾠNEFA	 ﾠfrom	 ﾠsubcutaneous	 ﾠfat	 ﾠ
4.7.3.2  Correlation	 ﾠbetween	 ﾠIL-ﾭ‐6	 ﾠand	 ﾠNEFA	 ﾠfrom	 ﾠOmental	 ﾠfat	 ﾠ
	 ﾠ
	 ﾠ IL-ﾭ‐6	 ﾠng/ml	 ﾠ NEFA	 ﾠmEq/L	 ﾠ
IL-ﾭ‐6	 ﾠng/ml	 ﾠ
Correlation	 ﾠCoefficient	 ﾠ 1.000	 ﾠ -ﾭ‐.645	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .	 ﾠ .000	 ﾠ
N	 ﾠ 69	 ﾠ 67	 ﾠ
NEFA	 ﾠmEq/L	 ﾠ
Correlation	 ﾠCoefficient	 ﾠ -ﾭ‐.645	 ﾠ 1.000	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .	 ﾠ
N	 ﾠ 67	 ﾠ 120	 ﾠ
Table	 ﾠ27.	 ﾠCorrelation	 ﾠbetween	 ﾠIL-ﾭ‐6	 ﾠand	 ﾠNEFA	 ﾠfrom	 ﾠomental	 ﾠfat.	 ﾠ
4.7.3.3  Correlation	 ﾠbetween	 ﾠIL-ﾭ‐6	 ﾠand	 ﾠNEFA	 ﾠfrom	 ﾠMesenteric	 ﾠfat	 ﾠ
	 ﾠ
	 ﾠ IL-ﾭ‐6	 ﾠng/ml	 ﾠ NEFA	 ﾠmEq/L	 ﾠ
IL-ﾭ‐6	 ﾠng/ml	 ﾠ
Correlation	 ﾠCoefficient	 ﾠ 1.000	 ﾠ -ﾭ‐.709	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .	 ﾠ .000	 ﾠ
N	 ﾠ 71	 ﾠ 69	 ﾠ
NEFA	 ﾠmEq/L	 ﾠ
Correlation	 ﾠCoefficient	 ﾠ -ﾭ‐.709	 ﾠ 1.000	 ﾠ
Sig.	 ﾠ(2-ﾭ‐tailed)	 ﾠ .000	 ﾠ .	 ﾠ
N	 ﾠ 69	 ﾠ 125	 ﾠ
Table	 ﾠ28.	 ﾠCorrelation	 ﾠbetween	 ﾠIL-ﾭ‐6	 ﾠan	 ﾠNEFA	 ﾠfrom	 ﾠmesenteric	 ﾠfat.	 ﾠ
4.7.4  Findings	 ﾠ
It is clear that the three cytokines significantly correlate and NEFA also significantly 
correlates  with  IL-6.  This  shows  that  they  corroborate  the  findings  of  an  increased 
inflammatory  response  with  Emsogen  despite  being  independents  markers  of 
inflammation.  
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 ﾠ
5.1  The	 ﾠProtocol	 ﾠ
Crohn’s	 ﾠ disease	 ﾠ is	 ﾠ a	 ﾠ chronic	 ﾠ inflammatory	 ﾠ disease	 ﾠ of	 ﾠ the	 ﾠ intestine	 ﾠ with	 ﾠ an	 ﾠ
unknown	 ﾠ aetiology.	 ﾠ Thus	 ﾠ far	 ﾠ a	 ﾠ combination	 ﾠ of	 ﾠ genetic,	 ﾠ immunological	 ﾠ and	 ﾠ
environmental	 ﾠfactors	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠcontribute	 ﾠto	 ﾠits	 ﾠpathogenesis	 ﾠbut	 ﾠany	 ﾠ
more	 ﾠspecific	 ﾠcausative	 ﾠagent	 ﾠhas	 ﾠyet	 ﾠto	 ﾠbe	 ﾠelucidated.	 ﾠManagement	 ﾠof	 ﾠthe	 ﾠdisease	 ﾠ
involves	 ﾠthe	 ﾠuse	 ﾠof	 ﾠtoxic	 ﾠmedications	 ﾠwith	 ﾠunpleasant	 ﾠside	 ﾠeffects	 ﾠand	 ﾠalthough	 ﾠ
surgery	 ﾠ is	 ﾠ used	 ﾠ as	 ﾠ a	 ﾠ last	 ﾠ resort	 ﾠ over	 ﾠ 75%	 ﾠ of	 ﾠ sufferers	 ﾠ will	 ﾠ require	 ﾠ a	 ﾠ resection	 ﾠ
within	 ﾠ10	 ﾠyears	 ﾠof	 ﾠdiagnosis.	 ﾠThe	 ﾠdisease	 ﾠburden	 ﾠis	 ﾠhigh	 ﾠand	 ﾠthe	 ﾠtreatments	 ﾠare	 ﾠ
broad	 ﾠand	 ﾠdamaging.	 ﾠElemental	 ﾠenteral	 ﾠnutrition	 ﾠas	 ﾠa	 ﾠtreatment	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠ
is	 ﾠtherefore	 ﾠan	 ﾠattractive	 ﾠalternative	 ﾠwith	 ﾠno	 ﾠknown	 ﾠdeleterious	 ﾠside	 ﾠeffects	 ﾠand	 ﾠan	 ﾠ
efficacy	 ﾠclose	 ﾠto	 ﾠsteroids	 ﾠin	 ﾠacute	 ﾠflares	 ﾠof	 ﾠthe	 ﾠdisease	 ﾠ(Zachos	 ﾠet	 ﾠal.,	 ﾠ2009,	 ﾠand	 ﾠ
Forbes	 ﾠ et	 ﾠ al.,	 ﾠ 2011).	 ﾠ Enteral	 ﾠ nutrition	 ﾠ preparations	 ﾠ have	 ﾠ also	 ﾠ been	 ﾠ shown	 ﾠ to	 ﾠ
maintain	 ﾠremission	 ﾠ(Belluzi	 ﾠA,	 ﾠ1997).	 ﾠIf	 ﾠthe	 ﾠmechanism	 ﾠof	 ﾠaction	 ﾠof	 ﾠelemental	 ﾠfeed	 ﾠ
can	 ﾠ be	 ﾠ clarified	 ﾠ perhaps	 ﾠ its	 ﾠ efficacy	 ﾠ can	 ﾠ be	 ﾠ increased	 ﾠ to	 ﾠ supercede	 ﾠ toxic	 ﾠ
medications	 ﾠand	 ﾠmore	 ﾠinsight	 ﾠinto	 ﾠthe	 ﾠaetiology	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠcan	 ﾠbe	 ﾠgained.	 ﾠ
The	 ﾠfat	 ﾠcontent	 ﾠof	 ﾠenteral	 ﾠnutrition	 ﾠformulas	 ﾠappears	 ﾠto	 ﾠbe	 ﾠsignificant	 ﾠ(Gassull	 ﾠet	 ﾠ
al.,	 ﾠ2002,	 ﾠGuerreiro	 ﾠet	 ﾠal.,	 ﾠ2009,	 ﾠForbes	 ﾠet	 ﾠal.,	 ﾠ2011)	 ﾠand	 ﾠit	 ﾠwas	 ﾠwith	 ﾠthis	 ﾠin	 ﾠmind	 ﾠ
that	 ﾠthe	 ﾠprotocol	 ﾠfor	 ﾠthis	 ﾠstudy	 ﾠwas	 ﾠconceived.	 ﾠFurthermore,	 ﾠfat-ﾭ‐wrapping	 ﾠand	 ﾠthe	 ﾠ
thickening	 ﾠof	 ﾠmesenteric	 ﾠfat	 ﾠare	 ﾠpathognomonic	 ﾠto	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠlittle	 ﾠis	 ﾠ
understood	 ﾠas	 ﾠto	 ﾠits	 ﾠspecific	 ﾠaetiology.	 ﾠ	 ﾠThe	 ﾠobjective	 ﾠof	 ﾠthis	 ﾠstudy	 ﾠwas	 ﾠto	 ﾠobtain	 ﾠ
samples	 ﾠof	 ﾠmesenteric	 ﾠfat	 ﾠfrom	 ﾠpatients	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠfor	 ﾠcomparison	 ﾠwith	 ﾠ
controls	 ﾠand	 ﾠto	 ﾠcompare	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠtwo	 ﾠpreparations	 ﾠof	 ﾠenteral	 ﾠnutrition,	 ﾠwhich	 ﾠ
varied	 ﾠpredominantly	 ﾠin	 ﾠtheir	 ﾠfat	 ﾠcontent,	 ﾠon	 ﾠthe	 ﾠrelease	 ﾠof	 ﾠinflammatory	 ﾠcytokines	 ﾠ
from	 ﾠwhole	 ﾠadipose	 ﾠtissue.	 ﾠ	 ﾠ
Previous	 ﾠstudies	 ﾠhave	 ﾠused	 ﾠpoorly	 ﾠmatched	 ﾠcontrols	 ﾠfor	 ﾠBMI	 ﾠand	 ﾠage	 ﾠwith	 ﾠthe	 ﾠuse	 ﾠ
of	 ﾠelderly	 ﾠcancer	 ﾠpatients	 ﾠor	 ﾠpatients	 ﾠwith	 ﾠacute	 ﾠinflammatory	 ﾠdiseases	 ﾠsuch	 ﾠas	 ﾠ
diverticulitis	 ﾠ (Paul	 ﾠ et	 ﾠ al.,	 ﾠ 2006).	 ﾠ Similarly	 ﾠ previous	 ﾠ studies	 ﾠ have	 ﾠ compared	 ﾠ
mesenteric	 ﾠfat	 ﾠthat	 ﾠwas	 ﾠtaken	 ﾠfrom	 ﾠvaried	 ﾠpositions	 ﾠon	 ﾠboth	 ﾠthe	 ﾠsmall	 ﾠand	 ﾠlarge	 ﾠ
bowel	 ﾠ mesenteries	 ﾠ and	 ﾠ with	 ﾠ relatively	 ﾠ small	 ﾠ numbers.	 ﾠ This	 ﾠ study	 ﾠ was	 ﾠ able	 ﾠ to	 ﾠ
standardise	 ﾠthe	 ﾠposition	 ﾠof	 ﾠthe	 ﾠmesenteric	 ﾠfat	 ﾠbetween	 ﾠgroups	 ﾠand	 ﾠalso	 ﾠsimilarly	 ﾠ
match	 ﾠthe	 ﾠpatients	 ﾠfor	 ﾠage	 ﾠand	 ﾠBMI	 ﾠby	 ﾠusing	 ﾠpatients	 ﾠwith	 ﾠulcerative	 ﾠcolitis	 ﾠas	 ﾠ
controls.	 ﾠ Although	 ﾠ we	 ﾠ found	 ﾠ significant	 ﾠ differences	 ﾠ in	 ﾠ NEFA	 ﾠ and	 ﾠ cytokine	 ﾠ
production	 ﾠbetween	 ﾠthe	 ﾠelemental	 ﾠfeeds	 ﾠwe	 ﾠdid	 ﾠnot	 ﾠfind	 ﾠany	 ﾠdifference	 ﾠbetween	 ﾠ	 ﾠ 96	 ﾠ
the	 ﾠ disease	 ﾠ cohorts,	 ﾠ although	 ﾠ with	 ﾠ greater	 ﾠ numbers	 ﾠ these	 ﾠ may	 ﾠ have	 ﾠ become	 ﾠ
apparent.	 ﾠ
5.2  Characterisation	 ﾠof	 ﾠAdipose	 ﾠtissue	 ﾠand	 ﾠBasal	 ﾠfindings	 ﾠ
This	 ﾠstudy	 ﾠaimed	 ﾠto	 ﾠdetermine	 ﾠif	 ﾠthere	 ﾠwas	 ﾠa	 ﾠdifference	 ﾠin	 ﾠthe	 ﾠin-ﾭ‐vitro	 ﾠeffects	 ﾠof	 ﾠ
elemental	 ﾠenteral	 ﾠfeeds	 ﾠon	 ﾠadipose	 ﾠtissue	 ﾠby	 ﾠusing	 ﾠlipolysis	 ﾠin	 ﾠthe	 ﾠform	 ﾠof	 ﾠnon-ﾭ‐
esterified	 ﾠ fatty	 ﾠ acid	 ﾠ assays	 ﾠ and	 ﾠ inflammatory	 ﾠ cytokine	 ﾠ assays	 ﾠ (Leptin,	 ﾠ IL-ﾭ‐6	 ﾠ and	 ﾠ
MCP-ﾭ‐1)	 ﾠas	 ﾠdifferentiators.	 ﾠIt	 ﾠwas	 ﾠimportant	 ﾠto	 ﾠavoid	 ﾠcarrying	 ﾠa	 ﾠbias	 ﾠthrough	 ﾠinto	 ﾠ
the	 ﾠ elemental	 ﾠ feed	 ﾠ studies	 ﾠ by	 ﾠ ensuring	 ﾠ that	 ﾠ there	 ﾠ were	 ﾠ no	 ﾠ differences	 ﾠ in	 ﾠ the	 ﾠ
baseline	 ﾠlevels	 ﾠbetween	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠthe	 ﾠcontrol	 ﾠgroup	 ﾠ(Ulcerative	 ﾠcolitis).	 ﾠ
No	 ﾠsignificant	 ﾠdifferences	 ﾠin	 ﾠbasal	 ﾠNEFA	 ﾠconcentrations	 ﾠwere	 ﾠfound	 ﾠbetween	 ﾠthe	 ﾠ
two	 ﾠcohorts	 ﾠ(CD	 ﾠn=12	 ﾠand	 ﾠUC	 ﾠn=9)	 ﾠsee	 ﾠTable	 ﾠ10.	 ﾠA	 ﾠsignificant	 ﾠdifference	 ﾠin	 ﾠNEFA	 ﾠ
concentration	 ﾠbetween	 ﾠthe	 ﾠdepots	 ﾠwas	 ﾠseen	 ﾠin	 ﾠUC	 ﾠbut	 ﾠnot	 ﾠin	 ﾠCD	 ﾠwith	 ﾠsubcutaneous	 ﾠ
fat	 ﾠthe	 ﾠhighest	 ﾠ0.084	 ﾠ(0.059-ﾭ‐0.100)mEq/l	 ﾠand	 ﾠomental	 ﾠfat	 ﾠthe	 ﾠlowest	 ﾠ0.19(0.005-ﾭ‐
0.0350mEq/l,	 ﾠsee	 ﾠTable	 ﾠ11.	 ﾠThe	 ﾠconverse	 ﾠwas	 ﾠtrue	 ﾠof	 ﾠCrohn’s	 ﾠdisease	 ﾠalthough	 ﾠthis	 ﾠ
was	 ﾠnot	 ﾠstatistically	 ﾠsignificant.	 ﾠThe	 ﾠwide	 ﾠrange	 ﾠof	 ﾠNEFA	 ﾠresults	 ﾠmay	 ﾠbe	 ﾠexplained	 ﾠ
by	 ﾠdifferences	 ﾠin	 ﾠfasting	 ﾠtimes	 ﾠpre-ﾭ‐operatively	 ﾠof	 ﾠthe	 ﾠpatients	 ﾠand	 ﾠalso	 ﾠvariation	 ﾠin	 ﾠ
ischaemia	 ﾠ time	 ﾠ after	 ﾠ ligation	 ﾠ of	 ﾠ the	 ﾠ ileo-ﾭ‐colic	 ﾠ pedicle	 ﾠ prior	 ﾠ to	 ﾠ placement	 ﾠ into	 ﾠ
culture	 ﾠsolution.	 ﾠ
Similarly	 ﾠas	 ﾠseen	 ﾠin	 ﾠtables	 ﾠ12	 ﾠand	 ﾠ13	 ﾠlittle	 ﾠdifference	 ﾠwas	 ﾠfound	 ﾠbetween	 ﾠIL-ﾭ‐6,	 ﾠ
Leptin	 ﾠ and	 ﾠ MCP-ﾭ‐1	 ﾠ concentrations	 ﾠ after	 ﾠ twenty-ﾭ‐four	 ﾠ hours	 ﾠ of	 ﾠ culture	 ﾠ between	 ﾠ
cohorts	 ﾠ and	 ﾠ depots.	 ﾠ The	 ﾠ only	 ﾠ significant	 ﾠ differences	 ﾠ found	 ﾠ were	 ﾠ between	 ﾠ the	 ﾠ
amount	 ﾠof	 ﾠomental	 ﾠIL-ﾭ‐6	 ﾠproduced	 ﾠbetween	 ﾠCrohn’s	 ﾠdisease	 ﾠand	 ﾠulcerative	 ﾠcolitis	 ﾠ
and	 ﾠthe	 ﾠamount	 ﾠof	 ﾠMCP-ﾭ‐1	 ﾠproduced	 ﾠbetween	 ﾠsubcutaneous	 ﾠand	 ﾠomental	 ﾠdepots	 ﾠin	 ﾠ
ulcerative	 ﾠ colitis.	 ﾠ The	 ﾠ numbers	 ﾠ (n=6	 ﾠ per	 ﾠ cohort}	 ﾠ were	 ﾠ small	 ﾠ making	 ﾠ statistical	 ﾠ
significance	 ﾠhard	 ﾠto	 ﾠachieve.	 ﾠ	 ﾠ
Interestingly	 ﾠthere	 ﾠdid	 ﾠappear	 ﾠto	 ﾠbe	 ﾠa	 ﾠtrend	 ﾠ(Figure	 ﾠ9	 ﾠand	 ﾠTable	 ﾠ12	 ﾠon	 ﾠpage	 ﾠ69)	 ﾠ
with	 ﾠleptin	 ﾠconcentrations	 ﾠhigher	 ﾠin	 ﾠall	 ﾠdepots	 ﾠin	 ﾠpatients	 ﾠwith	 ﾠUC	 ﾠcompared	 ﾠto	 ﾠCD.	 ﾠ	 ﾠ
Multiple	 ﾠstudies	 ﾠpredominantly	 ﾠexamining	 ﾠobese	 ﾠpatients	 ﾠhave	 ﾠfound	 ﾠthat	 ﾠlevels	 ﾠof	 ﾠ
leptin	 ﾠmRNA	 ﾠand	 ﾠrelease	 ﾠwere	 ﾠhigher	 ﾠin	 ﾠsubcutaneous	 ﾠadipose	 ﾠtissue	 ﾠcompared	 ﾠto	 ﾠ
omental	 ﾠadipose	 ﾠtissue	 ﾠby	 ﾠup	 ﾠto	 ﾠ2-ﾭ‐3	 ﾠfold	 ﾠ(Arner,	 ﾠ2001,	 ﾠMontague	 ﾠet	 ﾠal.,	 ﾠ1997,	 ﾠVan	 ﾠ
Harmelen	 ﾠet	 ﾠal.,	 ﾠ1998,	 ﾠRussell	 ﾠet	 ﾠal.,	 ﾠ1998).	 ﾠOur	 ﾠfindings	 ﾠare	 ﾠnot	 ﾠconsistent	 ﾠwith	 ﾠthis	 ﾠ
but	 ﾠ again	 ﾠ the	 ﾠ numbers	 ﾠ are	 ﾠ small.	 ﾠ It	 ﾠ has	 ﾠ been	 ﾠ shown	 ﾠ that	 ﾠ leptin	 ﾠ mRNA	 ﾠ is	 ﾠ
overexpressed	 ﾠin	 ﾠCD	 ﾠand	 ﾠUC	 ﾠcompared	 ﾠto	 ﾠcontrols	 ﾠ(Barbier	 ﾠet	 ﾠal.,	 ﾠ2003)	 ﾠbut	 ﾠno	 ﾠ	 ﾠ 97	 ﾠ
difference	 ﾠin	 ﾠexpression	 ﾠwas	 ﾠseen	 ﾠbetween	 ﾠCD	 ﾠand	 ﾠUC.	 ﾠIncreased	 ﾠleptin	 ﾠsecretion	 ﾠ
after	 ﾠ 24hrs	 ﾠ of	 ﾠ culture	 ﾠ was	 ﾠ seen	 ﾠ in	 ﾠ CD	 ﾠ compared	 ﾠ to	 ﾠ colorectal	 ﾠ cancer	 ﾠ and	 ﾠ
diverticulitis	 ﾠcontrols	 ﾠ(Paul	 ﾠet	 ﾠal.,	 ﾠ2006)	 ﾠand	 ﾠcirculating	 ﾠlevels	 ﾠof	 ﾠleptin	 ﾠare	 ﾠalso	 ﾠ
raised	 ﾠin	 ﾠCD	 ﾠ(Karmiris	 ﾠet	 ﾠal.,	 ﾠ2006,	 ﾠValentini	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠInterestingly	 ﾠin	 ﾠthese	 ﾠ
studies	 ﾠ circulating	 ﾠ levels	 ﾠ of	 ﾠ leptin	 ﾠ were	 ﾠ also	 ﾠ raised	 ﾠ in	 ﾠ UC	 ﾠ and	 ﾠ not	 ﾠ significantly	 ﾠ
different	 ﾠ to	 ﾠ CD.	 ﾠ Our	 ﾠ findings	 ﾠ are	 ﾠ consistent	 ﾠ with	 ﾠ leptin	 ﾠ secretion	 ﾠ being	 ﾠ similar	 ﾠ
between	 ﾠUC	 ﾠand	 ﾠCD	 ﾠalthough	 ﾠthere	 ﾠis	 ﾠa	 ﾠsuspicion	 ﾠfrom	 ﾠthe	 ﾠtrend	 ﾠthat	 ﾠwith	 ﾠhigher	 ﾠ
numbers	 ﾠleptin	 ﾠsecretion	 ﾠmay	 ﾠbe	 ﾠsignificantly	 ﾠhigher	 ﾠin	 ﾠUC	 ﾠcompared	 ﾠto	 ﾠCD.	 ﾠPre-ﾭ‐
operative	 ﾠ fasting	 ﾠ status	 ﾠ nor	 ﾠ ileocolic	 ﾠ ischaemic	 ﾠ time	 ﾠ would	 ﾠ not	 ﾠ be	 ﾠ sufficient	 ﾠ to	 ﾠ
explanin	 ﾠthis	 ﾠdifference.	 ﾠThe	 ﾠonly	 ﾠstudy	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠdirectly	 ﾠlooking	 ﾠat	 ﾠIL-ﾭ‐6	 ﾠ
and	 ﾠMCP-ﾭ‐1	 ﾠsecretion	 ﾠfrom	 ﾠCD	 ﾠmesenteric	 ﾠadipose	 ﾠtissue	 ﾠafter	 ﾠtwenty-ﾭ‐four	 ﾠhours	 ﾠof	 ﾠ
culture	 ﾠ compared	 ﾠ this	 ﾠ to	 ﾠ colorectal	 ﾠ cancer	 ﾠ and	 ﾠ diverticulitis	 ﾠ patients.	 ﾠ No	 ﾠ
significant	 ﾠ difference	 ﾠ was	 ﾠ found	 ﾠ between	 ﾠ the	 ﾠ concentrations	 ﾠ of	 ﾠ these	 ﾠ cytokines	 ﾠ
between	 ﾠthe	 ﾠCD	 ﾠand	 ﾠcolorectal	 ﾠcancer	 ﾠcontrol	 ﾠgroups	 ﾠ(Paul	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠWe	 ﾠfound	 ﾠ
no	 ﾠdifference	 ﾠbetween	 ﾠthese	 ﾠmarkers	 ﾠin	 ﾠCD	 ﾠand	 ﾠUC	 ﾠconsistent	 ﾠwith	 ﾠthese	 ﾠfindings	 ﾠ
see	 ﾠFigure	 ﾠ9.	 ﾠIn	 ﾠPaul’s	 ﾠstudy	 ﾠIL-ﾭ‐6	 ﾠand	 ﾠMCP-ﾭ‐1	 ﾠsecretion	 ﾠwere	 ﾠsignificantly	 ﾠincreased	 ﾠ
in	 ﾠ the	 ﾠ diverticulitis	 ﾠ group	 ﾠ and	 ﾠ the	 ﾠ group	 ﾠ concluded	 ﾠ that	 ﾠ these	 ﾠ cytokines	 ﾠ were	 ﾠ
related	 ﾠto	 ﾠa	 ﾠmore	 ﾠgeneral	 ﾠinflammatory	 ﾠresponse	 ﾠpattern	 ﾠnot	 ﾠspecific	 ﾠto	 ﾠCD.	 ﾠThis	 ﾠ
suggests	 ﾠthat	 ﾠthey	 ﾠare	 ﾠgood	 ﾠcandidate	 ﾠcytokines	 ﾠfor	 ﾠmeasuring	 ﾠthe	 ﾠinflammatory	 ﾠ
response	 ﾠof	 ﾠadipose	 ﾠtissue	 ﾠto	 ﾠelemental	 ﾠformulas	 ﾠin	 ﾠculture.	 ﾠ	 ﾠ
5.3  The	 ﾠeffects	 ﾠof	 ﾠelemental	 ﾠformulas	 ﾠon	 ﾠadipocyte	 ﾠorgan	 ﾠculture	 ﾠ
The	 ﾠ aim	 ﾠ of	 ﾠ these	 ﾠ experiments	 ﾠ was	 ﾠ to	 ﾠ see	 ﾠ if	 ﾠ the	 ﾠ differing	 ﾠ fat	 ﾠ contents	 ﾠ of	 ﾠ the	 ﾠ
elemental	 ﾠfeeds	 ﾠwould	 ﾠexert	 ﾠin	 ﾠvitro	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠinflammatory	 ﾠresponse	 ﾠof	 ﾠ
adipose	 ﾠ tissue	 ﾠ in	 ﾠ patients	 ﾠ with	 ﾠ Crohn’s	 ﾠ disease	 ﾠ compared	 ﾠ to	 ﾠ controls.	 ﾠ The	 ﾠ
elemental	 ﾠfeeds	 ﾠare	 ﾠalmost	 ﾠidentical	 ﾠin	 ﾠall	 ﾠthe	 ﾠmacronutrient	 ﾠcontent	 ﾠbut	 ﾠvaried	 ﾠin	 ﾠ
their	 ﾠ medium-ﾭ‐	 ﾠ and	 ﾠ long-ﾭ‐chain	 ﾠ triglyceride	 ﾠ content.	 ﾠ E028	 ﾠ is	 ﾠ rich	 ﾠ in	 ﾠ long-ﾭ‐chain	 ﾠ
triglycerides	 ﾠ (65%)	 ﾠ whereas	 ﾠ Emsogen	 ﾠ has	 ﾠ a	 ﾠ high	 ﾠ medium-ﾭ‐chain	 ﾠ triglyceride	 ﾠ
content	 ﾠ(83%).	 ﾠThe	 ﾠratio	 ﾠof	 ﾠn6:n3	 ﾠfatty	 ﾠacids	 ﾠis	 ﾠalso	 ﾠsignificantly	 ﾠdifferent	 ﾠwith	 ﾠ
Emsogen	 ﾠmuch	 ﾠhigher	 ﾠthan	 ﾠE028	 ﾠ(46.5:1	 ﾠvs	 ﾠ4:1).	 ﾠOther	 ﾠimportant	 ﾠdifferences	 ﾠare	 ﾠ
the	 ﾠ mono-ﾭ‐unsaturated	 ﾠ fat	 ﾠ content,	 ﾠ which	 ﾠ is	 ﾠ twelve	 ﾠ times	 ﾠ higher	 ﾠ in	 ﾠ E028	 ﾠ and	 ﾠ
Emsogen	 ﾠcontains	 ﾠtwice	 ﾠas	 ﾠmuch	 ﾠsaturated	 ﾠfatty	 ﾠacids.	 ﾠ
The	 ﾠ results	 ﾠ of	 ﾠ the	 ﾠ NEFA	 ﾠ lipolysis	 ﾠ experiments	 ﾠ showed	 ﾠ that	 ﾠ culture	 ﾠ in	 ﾠ E028	 ﾠ
resulted	 ﾠin	 ﾠsignificantly	 ﾠgreater	 ﾠamounts	 ﾠof	 ﾠNEFA	 ﾠproduction	 ﾠthan	 ﾠin	 ﾠEmsogen,	 ﾠsee	 ﾠ
Table	 ﾠ 16,	 ﾠ p79	 ﾠ when	 ﾠ the	 ﾠ diseases	 ﾠ are	 ﾠ separated.	 ﾠ When	 ﾠ Crohn’s	 ﾠ disease	 ﾠ and	 ﾠ	 ﾠ 98	 ﾠ
ulcerative	 ﾠcolitis	 ﾠspecimens	 ﾠare	 ﾠcombined	 ﾠthe	 ﾠresults	 ﾠare	 ﾠeven	 ﾠmore	 ﾠconclusive,	 ﾠ
see	 ﾠTable	 ﾠ7,	 ﾠp80	 ﾠand	 ﾠFigure	 ﾠ13,	 ﾠp81	 ﾠwith	 ﾠsignificantly	 ﾠgreater	 ﾠNEFA	 ﾠrelease	 ﾠfrom	 ﾠ
the	 ﾠthree	 ﾠadipose	 ﾠdepots	 ﾠcultured	 ﾠin	 ﾠE028	 ﾠcompare	 ﾠto	 ﾠEmsogen,	 ﾠ(SC-ﾭ‐	 ﾠp=0.037	 ﾠand	 ﾠ
both	 ﾠOM	 ﾠand	 ﾠMF	 ﾠp<0.001).	 ﾠThe	 ﾠimplications	 ﾠof	 ﾠthis	 ﾠare	 ﾠthat	 ﾠthe	 ﾠadipose	 ﾠtissue	 ﾠ
specimens	 ﾠcultured	 ﾠin	 ﾠthe	 ﾠlower	 ﾠn6:n3	 ﾠratio	 ﾠfeed	 ﾠwere	 ﾠhealthier	 ﾠalthough	 ﾠthis	 ﾠmay	 ﾠ
be	 ﾠspeculative.	 ﾠMuch	 ﾠmore	 ﾠpersuasive	 ﾠare	 ﾠthe	 ﾠresults	 ﾠof	 ﾠthe	 ﾠinflammatory	 ﾠcytokine	 ﾠ
assays.	 ﾠ Concentrations	 ﾠ of	 ﾠ IL-ﾭ‐6,	 ﾠ leptin	 ﾠ and	 ﾠ MCP-ﾭ‐1,	 ﾠ all	 ﾠ considered	 ﾠ markers	 ﾠ of	 ﾠ
inflammation	 ﾠin	 ﾠadipose	 ﾠtissue,	 ﾠwere	 ﾠsignificantly	 ﾠhigher	 ﾠin	 ﾠadipose	 ﾠtissue	 ﾠcultured	 ﾠ
in	 ﾠEmsogen	 ﾠcompared	 ﾠto	 ﾠE028.	 ﾠIndeed	 ﾠwhen	 ﾠthe	 ﾠdisease	 ﾠvs	 ﾠcontrol	 ﾠcomparison	 ﾠ
was	 ﾠremoved	 ﾠand	 ﾠthe	 ﾠstudy	 ﾠconcentrated	 ﾠpurely	 ﾠon	 ﾠthe	 ﾠeffects	 ﾠof	 ﾠthe	 ﾠtwo	 ﾠfeeds	 ﾠon	 ﾠ
adipose	 ﾠtissue	 ﾠfrom	 ﾠany	 ﾠdisease,	 ﾠproduction	 ﾠof	 ﾠIL-ﾭ‐6	 ﾠwas	 ﾠ6x	 ﾠgreater	 ﾠin	 ﾠomental	 ﾠfat,	 ﾠ
2.5x	 ﾠgreater	 ﾠin	 ﾠmesenteric	 ﾠfat,	 ﾠconcentrations	 ﾠof	 ﾠleptin	 ﾠwere	 ﾠ5x	 ﾠgreater	 ﾠin	 ﾠomental	 ﾠ
fat	 ﾠand	 ﾠ2.5x	 ﾠgreater	 ﾠin	 ﾠmesenteric	 ﾠfat	 ﾠand	 ﾠconcentrations	 ﾠof	 ﾠMCP-ﾭ‐1	 ﾠwere	 ﾠ9x	 ﾠgreater	 ﾠ
in	 ﾠomental	 ﾠfat	 ﾠand	 ﾠ4x	 ﾠgreater	 ﾠin	 ﾠmesenteric	 ﾠfat	 ﾠin	 ﾠspecimens	 ﾠcultured	 ﾠin	 ﾠEmsogen	 ﾠ
See	 ﾠtable	 ﾠ19,	 ﾠp85.	 ﾠAll	 ﾠof	 ﾠthese	 ﾠresults	 ﾠwere	 ﾠstatistically	 ﾠvery	 ﾠsignificant.	 ﾠIndeed	 ﾠthe	 ﾠ
overall	 ﾠIL-ﾭ‐6	 ﾠdata	 ﾠshowed	 ﾠa	 ﾠ9	 ﾠfold	 ﾠincrease	 ﾠin	 ﾠIL-ﾭ‐6	 ﾠproduction	 ﾠin	 ﾠomental	 ﾠadipose	 ﾠ
tissue	 ﾠculture	 ﾠand	 ﾠ4	 ﾠfold	 ﾠincrease	 ﾠin	 ﾠmesenteric	 ﾠadipose	 ﾠtissue	 ﾠculture	 ﾠin	 ﾠEmsogen	 ﾠ
(p<0.001	 ﾠfor	 ﾠboth).	 ﾠ	 ﾠThese	 ﾠdata	 ﾠdemonstrate	 ﾠan	 ﾠinteresting	 ﾠeffect.	 ﾠForemost	 ﾠis	 ﾠthe	 ﾠ
finding	 ﾠthat	 ﾠEmsogen	 ﾠis	 ﾠclearly	 ﾠmore	 ﾠpro-ﾭ‐inflammatory	 ﾠthan	 ﾠE028	 ﾠwhen	 ﾠomental	 ﾠ
and	 ﾠmesenteric	 ﾠfat	 ﾠare	 ﾠcultured	 ﾠwithin	 ﾠit	 ﾠin-ﾭ‐vitro.	 ﾠFurthermore,	 ﾠsubcutaneous	 ﾠfat	 ﾠ
does	 ﾠnot	 ﾠappear	 ﾠto	 ﾠundergo	 ﾠthe	 ﾠsame	 ﾠeffect	 ﾠas	 ﾠthe	 ﾠother	 ﾠtwo	 ﾠdepots.	 ﾠNone	 ﾠof	 ﾠthe	 ﾠ
cytokines	 ﾠor	 ﾠNEFA	 ﾠassays	 ﾠof	 ﾠsubcutaneous	 ﾠfat	 ﾠsignificantly	 ﾠdiffered	 ﾠbetween	 ﾠfeeds.	 ﾠ
This	 ﾠstudy	 ﾠhighlights	 ﾠthe	 ﾠfundamental	 ﾠdifferences	 ﾠin	 ﾠcellular	 ﾠcomponents	 ﾠbetween	 ﾠ
subcutaneous	 ﾠ and	 ﾠ visceral	 ﾠ fat.	 ﾠ Omental	 ﾠ fat	 ﾠ consistently	 ﾠ produced	 ﾠ higher	 ﾠ
concentrations	 ﾠof	 ﾠthe	 ﾠinflammatory	 ﾠcytokines.	 ﾠThis	 ﾠis	 ﾠmost	 ﾠlikely	 ﾠdue	 ﾠto	 ﾠdifferences	 ﾠ
in	 ﾠthe	 ﾠstromavascular	 ﾠfraction	 ﾠand	 ﾠlymphoid	 ﾠcells,	 ﾠlymph	 ﾠnodes	 ﾠversus	 ﾠmilk	 ﾠspots,	 ﾠ
(Fried	 ﾠand	 ﾠMoustaid-ﾭ‐Moussa,	 ﾠ2001)	 ﾠbetween	 ﾠthe	 ﾠdepots	 ﾠor	 ﾠpossibly	 ﾠspecialised	 ﾠ
perinodal	 ﾠadipocytes	 ﾠ.	 ﾠCertainly	 ﾠthe	 ﾠsurgeon’s	 ﾠmoniker	 ﾠfor	 ﾠomentum	 ﾠas	 ﾠbeing	 ﾠ‘the	 ﾠ
policeman	 ﾠ of	 ﾠ the	 ﾠ abdomen’	 ﾠ appears	 ﾠ justified.	 ﾠ Many	 ﾠ studies	 ﾠ examining	 ﾠ adipose	 ﾠ
tissue	 ﾠ have	 ﾠ compared	 ﾠ visceral	 ﾠ and	 ﾠ subcutaneous	 ﾠ depots	 ﾠ where	 ﾠ omental	 ﾠ and	 ﾠ
mesenteric	 ﾠ fat	 ﾠ have	 ﾠ been	 ﾠ considered	 ﾠ interchangeable	 ﾠ and	 ﾠ collectively	 ﾠ called	 ﾠ
‘visceral’.	 ﾠThese	 ﾠfindings	 ﾠsuggest	 ﾠthis	 ﾠshould	 ﾠnot	 ﾠbe	 ﾠthe	 ﾠcase.	 ﾠ
The	 ﾠtwo	 ﾠfeeds	 ﾠcompared	 ﾠin	 ﾠthis	 ﾠstudy	 ﾠare	 ﾠelemental.	 ﾠMultiple	 ﾠtrials	 ﾠhave	 ﾠassessed	 ﾠ
the	 ﾠefficacy	 ﾠof	 ﾠelemental	 ﾠfeeds	 ﾠto	 ﾠinduce	 ﾠremission	 ﾠand	 ﾠprevent	 ﾠrelapse	 ﾠin	 ﾠCrohn’s	 ﾠ	 ﾠ 99	 ﾠ
disease	 ﾠbut	 ﾠto	 ﾠdate	 ﾠthey	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠbe	 ﾠalmost	 ﾠas	 ﾠeffective	 ﾠbut	 ﾠnot	 ﾠmore	 ﾠso	 ﾠ
than	 ﾠsteroids	 ﾠin	 ﾠthe	 ﾠadult	 ﾠpopulation	 ﾠ(Forbes	 ﾠet	 ﾠal.,	 ﾠ2011,	 ﾠZachos	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ
Proposed	 ﾠmechanisms	 ﾠfor	 ﾠelemental	 ﾠfeeds	 ﾠinducing	 ﾠremission	 ﾠinclude	 ﾠmodulation	 ﾠ
of	 ﾠthe	 ﾠenteric	 ﾠmicrobial	 ﾠenvironment,	 ﾠreduction	 ﾠof	 ﾠfood	 ﾠantigens	 ﾠ(Shah,	 ﾠ2007),	 ﾠand	 ﾠ
changes	 ﾠin	 ﾠintestinal	 ﾠpermeability	 ﾠ(Pravda,	 ﾠ2011)	 ﾠand	 ﾠgene	 ﾠexpression	 ﾠ(Hooper	 ﾠ
and	 ﾠGordon,	 ﾠ2001).	 ﾠHowever,	 ﾠthere	 ﾠmay	 ﾠbe	 ﾠa	 ﾠhitherto	 ﾠunexplored	 ﾠsecondary	 ﾠeffect	 ﾠ
on	 ﾠ bowel	 ﾠ function	 ﾠ that	 ﾠ modulates	 ﾠ the	 ﾠ disease	 ﾠ process.	 ﾠ An	 ﾠ example	 ﾠ might	 ﾠ be	 ﾠ
possible	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠregulation	 ﾠof	 ﾠthe	 ﾠentero-ﾭ‐hepatic	 ﾠcirculation	 ﾠof	 ﾠbile	 ﾠsalts	 ﾠ
that	 ﾠin	 ﾠturn	 ﾠbeneficially	 ﾠalters	 ﾠthe	 ﾠmicrobiome.	 ﾠA	 ﾠrecent	 ﾠstudy	 ﾠwas	 ﾠable	 ﾠto	 ﾠinduce	 ﾠ
colitis	 ﾠin	 ﾠIL10	 ﾠknockout	 ﾠmice	 ﾠusing	 ﾠsaturated	 ﾠmilk-ﾭ‐derived	 ﾠfat.	 ﾠThe	 ﾠsaturated	 ﾠfat	 ﾠ
promoted	 ﾠtaurine	 ﾠconjugation	 ﾠof	 ﾠhepatic	 ﾠbile	 ﾠacids	 ﾠincreasing	 ﾠthe	 ﾠavailability	 ﾠof	 ﾠ
organic	 ﾠsulphur	 ﾠfor	 ﾠsulphite-ﾭ‐reducing	 ﾠmicrobes	 ﾠand	 ﾠresulting	 ﾠin	 ﾠa	 ﾠproinflammatory	 ﾠ
TH1	 ﾠimmune	 ﾠresponse	 ﾠand	 ﾠcolitis	 ﾠ(Devkota	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠThis	 ﾠmay	 ﾠgive	 ﾠweight	 ﾠto	 ﾠ
the	 ﾠ hypothesis	 ﾠ that	 ﾠ bile	 ﾠ acid	 ﾠ manipulation	 ﾠ is	 ﾠ relevant	 ﾠ in	 ﾠ the	 ﾠ pathogenesis	 ﾠ of	 ﾠ
inflammatory	 ﾠbowel	 ﾠdisease	 ﾠor	 ﾠmay	 ﾠbe	 ﾠthe	 ﾠmechanism	 ﾠby	 ﾠwhich	 ﾠelemental	 ﾠdiet	 ﾠ
exerts	 ﾠits	 ﾠremitting	 ﾠeffect.	 ﾠ
In	 ﾠthis	 ﾠstudy	 ﾠwe	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠthe	 ﾠn-ﾭ‐3	 ﾠfatty	 ﾠacid	 ﾠrich	 ﾠelemental	 ﾠformula	 ﾠexerted	 ﾠ
a	 ﾠconsiderably	 ﾠincreased	 ﾠanti-ﾭ‐inflammatory	 ﾠeffect	 ﾠon	 ﾠvisceral	 ﾠfat	 ﾠdepots	 ﾠin	 ﾠvitro	 ﾠ
and	 ﾠthis	 ﾠmay	 ﾠexplain	 ﾠhow	 ﾠthe	 ﾠelemental	 ﾠfeed	 ﾠinduces	 ﾠremission	 ﾠin	 ﾠactive	 ﾠCrohn’s	 ﾠ
disease.	 ﾠ The	 ﾠ effects	 ﾠ of	 ﾠ n-ﾭ‐3	 ﾠ and	 ﾠ n-ﾭ‐6	 ﾠ PUFAs	 ﾠ on	 ﾠ inflammation	 ﾠ in	 ﾠ the	 ﾠ context	 ﾠ of	 ﾠ
numerous	 ﾠ diseases	 ﾠ have	 ﾠ been	 ﾠ extensively	 ﾠ researched.	 ﾠ N-ﾭ‐3	 ﾠ intake	 ﾠ results	 ﾠ in	 ﾠ
eicosapentaenoic	 ﾠ acid	 ﾠ incorporation	 ﾠ and	 ﾠ a	 ﾠ decrease	 ﾠ in	 ﾠ arachidonic	 ﾠ acid	 ﾠ in	 ﾠ
membrane	 ﾠ phospholipids	 ﾠ leading	 ﾠ to	 ﾠ attenuated	 ﾠ production	 ﾠ of	 ﾠ proinflammatory	 ﾠ
eicosanoids	 ﾠ and	 ﾠ increased	 ﾠ production	 ﾠ of	 ﾠ their	 ﾠ less	 ﾠ pro-ﾭ‐inflammatory	 ﾠ or	 ﾠ anti-ﾭ‐
inflammatory	 ﾠcounterparts	 ﾠ(Calder,	 ﾠ2006,	 ﾠCalder,	 ﾠ2009).	 ﾠIncreased	 ﾠgeneration	 ﾠof	 ﾠ
EPA-ﾭ‐	 ﾠ and	 ﾠ DHA-ﾭ‐derived	 ﾠ resolvins	 ﾠ with	 ﾠ anti-ﾭ‐inflammatory	 ﾠ actions	 ﾠ have	 ﾠ been	 ﾠ
described	 ﾠ(Weylandt	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠOther	 ﾠanti-ﾭ‐inflammatory	 ﾠactions	 ﾠof	 ﾠn-ﾭ‐3	 ﾠPUFAs	 ﾠ
include	 ﾠreduced	 ﾠsynthesis	 ﾠof	 ﾠpro-ﾭ‐inflammatory	 ﾠcytokines	 ﾠ(such	 ﾠas	 ﾠTNF-ﾭ‐a,	 ﾠIL-ﾭ‐1b,	 ﾠIL-ﾭ‐
6	 ﾠand	 ﾠIL-ﾭ‐8)	 ﾠthrough	 ﾠeither	 ﾠa	 ﾠdecreased	 ﾠactivation	 ﾠof	 ﾠsome	 ﾠnuclear	 ﾠtranscription	 ﾠ
factors	 ﾠ (e.g.	 ﾠ NF-ﾭ‐κβ)	 ﾠ or	 ﾠ increase	 ﾠ activation	 ﾠ of	 ﾠ PPAR-ﾭ‐γ,	 ﾠ reduced	 ﾠ leukocyte	 ﾠ
chemotaxis	 ﾠ and	 ﾠ diminished	 ﾠ T-ﾭ‐cell	 ﾠ reactivity	 ﾠ (Calder,	 ﾠ 2006,	 ﾠ Calder,	 ﾠ 2009).	 ﾠ	 ﾠ
Conversely	 ﾠn-ﾭ‐6	 ﾠis	 ﾠtraditionally	 ﾠconsidered	 ﾠto	 ﾠbe	 ﾠan	 ﾠeicosanoid	 ﾠprecursor	 ﾠand	 ﾠto	 ﾠ
exert	 ﾠa	 ﾠpro-ﾭ‐inflammatory	 ﾠeffect.	 ﾠIt	 ﾠis	 ﾠcorrelated	 ﾠwith	 ﾠCrohn’s	 ﾠDisease	 ﾠActivity	 ﾠIndex	 ﾠ
(CDAI)	 ﾠ(Kuroki	 ﾠet	 ﾠal.,	 ﾠ1997)	 ﾠand	 ﾠstudies	 ﾠin	 ﾠanimal	 ﾠmodels	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠn-ﾭ‐6	 ﾠ	 ﾠ 100	 ﾠ
PUFA	 ﾠinduce	 ﾠIL-ﾭ‐1	 ﾠexpression	 ﾠand	 ﾠresponsiveness	 ﾠto	 ﾠcytokines	 ﾠ(James	 ﾠet	 ﾠal.,	 ﾠ2000)	 ﾠ
while	 ﾠconversely	 ﾠn-ﾭ‐3	 ﾠPUFA	 ﾠinhibit	 ﾠthese	 ﾠprocesses	 ﾠand	 ﾠreduce	 ﾠthromboxane	 ﾠA2	 ﾠ
and	 ﾠleukotriene	 ﾠB4	 ﾠproduction	 ﾠ(Ioannidis	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠIn	 ﾠthis	 ﾠstudy	 ﾠdesign	 ﾠthe	 ﾠtwo	 ﾠ
feeds	 ﾠwere	 ﾠdeliberately	 ﾠchosen	 ﾠfor	 ﾠtheir	 ﾠdistinct	 ﾠdifferences	 ﾠin	 ﾠn-ﾭ‐6:n-ﾭ‐3	 ﾠratio	 ﾠwith	 ﾠ
Emsogen	 ﾠwith	 ﾠa	 ﾠhigh	 ﾠratio	 ﾠ(46.5:1)	 ﾠcompared	 ﾠto	 ﾠE028	 ﾠwith	 ﾠa	 ﾠlow	 ﾠratio	 ﾠ(4:1).	 ﾠE028	 ﾠ
with	 ﾠless	 ﾠn-ﾭ‐6	 ﾠPUFA	 ﾠresulted	 ﾠin	 ﾠsignificantly	 ﾠless	 ﾠinflammation.	 ﾠ
Multiple	 ﾠother	 ﾠstudies	 ﾠhave	 ﾠbeen	 ﾠperformed	 ﾠexamining	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠn-ﾭ‐3	 ﾠPUFA	 ﾠin	 ﾠ
active	 ﾠ and	 ﾠ quiescent	 ﾠ Crohn’s	 ﾠ disease,	 ﾠ mostly	 ﾠ in	 ﾠ the	 ﾠ form	 ﾠ of	 ﾠ dietary	 ﾠ
supplementation	 ﾠwith	 ﾠfish	 ﾠoil	 ﾠcapsules	 ﾠ(Belluzzi	 ﾠet	 ﾠal.,	 ﾠ1996,	 ﾠLorenz-ﾭ‐Meyer	 ﾠet	 ﾠal.,	 ﾠ
1996,	 ﾠRomano	 ﾠet	 ﾠal.,	 ﾠ2005,	 ﾠFeagan	 ﾠet	 ﾠal.,	 ﾠ2008)	 ﾠwith	 ﾠonly	 ﾠa	 ﾠlimited	 ﾠnumber	 ﾠof	 ﾠ
studies	 ﾠexamining	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠn-ﾭ‐3	 ﾠPUFA	 ﾠin	 ﾠelemental	 ﾠfeeding	 ﾠ(Nielsen	 ﾠet	 ﾠal.,	 ﾠ2005,	 ﾠ
Grogan	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠA	 ﾠrecent	 ﾠsystematic	 ﾠreview	 ﾠfound	 ﾠthat	 ﾠthere	 ﾠwas	 ﾠinsufficient	 ﾠ
evidence	 ﾠ to	 ﾠ recommend	 ﾠ n-ﾭ‐3	 ﾠ PUFA	 ﾠ as	 ﾠ therapeutic	 ﾠ agents	 ﾠ in	 ﾠ the	 ﾠ treatment	 ﾠ of	 ﾠ
Crohn’s	 ﾠdisease	 ﾠand	 ﾠulcerative	 ﾠcolitis	 ﾠ(Cabre	 ﾠet	 ﾠal.,	 ﾠ2012),	 ﾠhowever	 ﾠthis	 ﾠwas	 ﾠin	 ﾠpart	 ﾠ
due	 ﾠto	 ﾠthe	 ﾠnumerical	 ﾠquality	 ﾠof	 ﾠthe	 ﾠdata	 ﾠand	 ﾠpoor	 ﾠstudy	 ﾠdesigns.	 ﾠIt	 ﾠalso	 ﾠremains	 ﾠ
unknown	 ﾠwhether	 ﾠelemental	 ﾠfeeds,	 ﾠdue	 ﾠto	 ﾠtheir	 ﾠalmost	 ﾠpre-ﾭ‐digested	 ﾠnature,	 ﾠare	 ﾠ
predominantly	 ﾠabsorbed	 ﾠproximally	 ﾠin	 ﾠthe	 ﾠsmall	 ﾠintestine	 ﾠupstream	 ﾠof	 ﾠthe	 ﾠarea	 ﾠof	 ﾠ
inflammation	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠor	 ﾠif	 ﾠthe	 ﾠfatty	 ﾠacids	 ﾠcontained	 ﾠwithin	 ﾠthe	 ﾠfeeds	 ﾠ
reach	 ﾠ the	 ﾠ terminal	 ﾠ ileum	 ﾠ in	 ﾠ sufficient	 ﾠ concentrations	 ﾠ to	 ﾠ exert	 ﾠ a	 ﾠ direct	 ﾠ
immunomodulatory	 ﾠeffect.	 ﾠIf	 ﾠthe	 ﾠlatter	 ﾠdoes	 ﾠoccur,	 ﾠour	 ﾠdata	 ﾠshow	 ﾠthat	 ﾠn-ﾭ‐3	 ﾠPUFA	 ﾠ
appear	 ﾠto	 ﾠhave	 ﾠan	 ﾠanti-ﾭ‐inflammatory	 ﾠeffect	 ﾠon	 ﾠvisceral	 ﾠadipose	 ﾠtissue	 ﾠin	 ﾠvitro	 ﾠand	 ﾠ
this	 ﾠexperiment	 ﾠmay	 ﾠexplain	 ﾠhow	 ﾠelemental	 ﾠfeeds	 ﾠcontaining	 ﾠn-ﾭ‐3	 ﾠPUFA	 ﾠexert	 ﾠa	 ﾠ
therapeutic	 ﾠeffect	 ﾠin	 ﾠCrohn’s	 ﾠdisease.	 ﾠ
Alternatively	 ﾠ the	 ﾠ differences	 ﾠ in	 ﾠ the	 ﾠ performances	 ﾠ of	 ﾠ the	 ﾠ two	 ﾠ feeds	 ﾠ may	 ﾠ be	 ﾠ
explained	 ﾠby	 ﾠa	 ﾠseparate	 ﾠvariable	 ﾠcomponent	 ﾠwithin	 ﾠthe	 ﾠfat	 ﾠcontent.	 ﾠMedium	 ﾠchain	 ﾠ
triglycerides	 ﾠalso	 ﾠseem	 ﾠto	 ﾠhave	 ﾠimmunomodulatory	 ﾠproperties	 ﾠ(Waitzberg	 ﾠet	 ﾠal.,	 ﾠ
1996,	 ﾠWanten	 ﾠet	 ﾠal.,	 ﾠ2000)	 ﾠand	 ﾠthe	 ﾠEmsogen	 ﾠfeed	 ﾠcontained	 ﾠconsiderably	 ﾠgreater	 ﾠ
quantities	 ﾠ (83%)	 ﾠ than	 ﾠ E028.	 ﾠ Animal	 ﾠ model	 ﾠ studies	 ﾠ looking	 ﾠ at	 ﾠ trinitrobenzene	 ﾠ
sulfonic	 ﾠ acid	 ﾠ (TNBS)-ﾭ‐	 ﾠ induced	 ﾠ ileitis	 ﾠ in	 ﾠ rats	 ﾠ showed	 ﾠ a	 ﾠ decrease	 ﾠ in	 ﾠ mucosal	 ﾠ
inflammation	 ﾠin	 ﾠanimals	 ﾠfed	 ﾠa	 ﾠmix	 ﾠof	 ﾠMCT	 ﾠand	 ﾠLCT	 ﾠdiet	 ﾠcompared	 ﾠto	 ﾠLCT	 ﾠdiet	 ﾠalone	 ﾠ
(Tsujikawa	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠHowever	 ﾠa	 ﾠfurther	 ﾠstudy	 ﾠby	 ﾠthe	 ﾠsame	 ﾠgroup	 ﾠwas	 ﾠonly	 ﾠable	 ﾠ
to	 ﾠ replicate	 ﾠ the	 ﾠ benefits	 ﾠ in	 ﾠ chemically-ﾭ‐induced	 ﾠ colitis	 ﾠ and	 ﾠ no	 ﾠ difference	 ﾠ in	 ﾠ the	 ﾠ
degree	 ﾠof	 ﾠenteritis	 ﾠbetween	 ﾠLCT	 ﾠand	 ﾠMCT	 ﾠwas	 ﾠfound	 ﾠ(Tsujikawa	 ﾠet	 ﾠal.,	 ﾠ2001).	 ﾠMany	 ﾠ
other	 ﾠ animal	 ﾠ studies	 ﾠ of	 ﾠ chemically	 ﾠ induced	 ﾠ colitis	 ﾠ have	 ﾠ also	 ﾠ shown	 ﾠ beneficial	 ﾠ	 ﾠ 101	 ﾠ
effects	 ﾠof	 ﾠMCT	 ﾠdiets	 ﾠ(Kono	 ﾠet	 ﾠal.,	 ﾠ2010a,	 ﾠMane	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠHowever	 ﾠthe	 ﾠdifficulties	 ﾠ
of	 ﾠtranslating	 ﾠthe	 ﾠfindings	 ﾠof	 ﾠa	 ﾠshort	 ﾠterm	 ﾠchemically	 ﾠinduced	 ﾠinflammation	 ﾠin	 ﾠrats,	 ﾠ
to	 ﾠhumans	 ﾠwith	 ﾠinflammatory	 ﾠbowel	 ﾠdisease	 ﾠof	 ﾠmuch	 ﾠlonger	 ﾠand	 ﾠelusive	 ﾠaetiology	 ﾠ
are	 ﾠprofound.	 ﾠThere	 ﾠare	 ﾠalso	 ﾠsome	 ﾠclinical	 ﾠdata	 ﾠsuggesting	 ﾠthat	 ﾠreplacing	 ﾠpart	 ﾠof	 ﾠ
dietary	 ﾠ fat	 ﾠ with	 ﾠ MCT	 ﾠ contributes	 ﾠ to	 ﾠ the	 ﾠ primary	 ﾠ therapeutic	 ﾠ effect	 ﾠ of	 ﾠ enteral	 ﾠ
nutrition	 ﾠ in	 ﾠ Crohn’s	 ﾠ disease.	 ﾠ One	 ﾠ study	 ﾠ of	 ﾠ patients	 ﾠ with	 ﾠ active	 ﾠ Crohn’s	 ﾠ disease	 ﾠ
assigned	 ﾠfour	 ﾠseparated	 ﾠelemental	 ﾠformulae	 ﾠwith	 ﾠdiffering	 ﾠcontents	 ﾠof	 ﾠLCT	 ﾠand	 ﾠ
MCT.	 ﾠRates	 ﾠof	 ﾠremission	 ﾠwere	 ﾠnegatively	 ﾠcorrelated	 ﾠwith	 ﾠLCT	 ﾠand	 ﾠinflammatory	 ﾠ
markers	 ﾠwere	 ﾠdecreased	 ﾠin	 ﾠpatients	 ﾠreceiving	 ﾠthe	 ﾠlowest	 ﾠamounts	 ﾠof	 ﾠLCT	 ﾠleading	 ﾠ
the	 ﾠauthors	 ﾠto	 ﾠsuggest	 ﾠa	 ﾠpro-ﾭ‐inflammatory	 ﾠeffect	 ﾠof	 ﾠLCT	 ﾠand	 ﾠanti-ﾭ‐inflammatory	 ﾠ
effect	 ﾠof	 ﾠMCT	 ﾠ(Middleton	 ﾠet	 ﾠal.,	 ﾠ1995).	 ﾠHowever	 ﾠother	 ﾠstudies	 ﾠhave	 ﾠnot	 ﾠfound	 ﾠany	 ﾠ
beneficial	 ﾠeffect	 ﾠof	 ﾠMCT	 ﾠon	 ﾠdisease	 ﾠactivity	 ﾠ(Khoshoo	 ﾠet	 ﾠal.,	 ﾠ1996,	 ﾠSakurai	 ﾠet	 ﾠal.,	 ﾠ
2002)	 ﾠ and	 ﾠ a	 ﾠ clinical	 ﾠ trial	 ﾠ of	 ﾠ low	 ﾠ LCT	 ﾠ versus	 ﾠ high	 ﾠ LCT	 ﾠ whole	 ﾠ protein	 ﾠ diets	 ﾠ in	 ﾠ
patients	 ﾠwith	 ﾠactive	 ﾠCrohn’s	 ﾠdisease	 ﾠalso	 ﾠshowed	 ﾠno	 ﾠdifference	 ﾠin	 ﾠefficacy	 ﾠ(Leiper	 ﾠ
et	 ﾠal.,	 ﾠ2001).	 ﾠIn	 ﾠour	 ﾠstudy	 ﾠMCT	 ﾠ(greater	 ﾠin	 ﾠEmsogen)	 ﾠperformed	 ﾠconsiderably	 ﾠless	 ﾠ
well	 ﾠthan	 ﾠLCT	 ﾠ(greater	 ﾠin	 ﾠE028)	 ﾠif	 ﾠindeed	 ﾠit	 ﾠexerted	 ﾠan	 ﾠeffect	 ﾠat	 ﾠall.	 ﾠ
A	 ﾠthird	 ﾠvariable	 ﾠwithin	 ﾠthe	 ﾠfat	 ﾠcontents	 ﾠof	 ﾠthe	 ﾠfeeds	 ﾠmay	 ﾠhave	 ﾠbeen	 ﾠthe	 ﾠdifferent	 ﾠ
composition	 ﾠof	 ﾠsaturated	 ﾠand	 ﾠmono-ﾭ‐unsaturated	 ﾠfatty	 ﾠacids.	 ﾠBoth	 ﾠof	 ﾠthese	 ﾠhave	 ﾠ
been	 ﾠproposed	 ﾠas	 ﾠpossible	 ﾠrisk	 ﾠfactors	 ﾠfor	 ﾠinflammatory	 ﾠbowel	 ﾠdisease	 ﾠ(Hou	 ﾠet	 ﾠal.,	 ﾠ
2011,	 ﾠ Sakamoto	 ﾠ et	 ﾠ al.,	 ﾠ 2005)	 ﾠ but	 ﾠ dietary	 ﾠ formulas	 ﾠ rich	 ﾠ in	 ﾠ MUFA	 ﾠ seem	 ﾠ to	 ﾠ have	 ﾠ
neutral	 ﾠimmunomodulatory	 ﾠeffects	 ﾠboth	 ﾠin	 ﾠvivo	 ﾠand	 ﾠin	 ﾠvitro	 ﾠ(Buenestado	 ﾠet	 ﾠal.,	 ﾠ
2006,	 ﾠGranato	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠE028	 ﾠcontains	 ﾠtwelve	 ﾠtimes	 ﾠmore	 ﾠMUFA	 ﾠthan	 ﾠEmsogen,	 ﾠ
and	 ﾠEmsogen	 ﾠcontains	 ﾠtwo	 ﾠtimes	 ﾠmore	 ﾠSFA	 ﾠthan	 ﾠE028.	 ﾠA	 ﾠdouble	 ﾠblind	 ﾠrandomised	 ﾠ
controlled	 ﾠtrial	 ﾠthat	 ﾠhas	 ﾠgenerated	 ﾠmuch	 ﾠinterest	 ﾠin	 ﾠthe	 ﾠscientific	 ﾠliterature	 ﾠfound,	 ﾠ
contrary	 ﾠto	 ﾠexpectation,	 ﾠthat	 ﾠa	 ﾠdiet	 ﾠcontaining	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠMUFA	 ﾠin	 ﾠthe	 ﾠform	 ﾠof	 ﾠ
oleic	 ﾠacid	 ﾠwas	 ﾠno	 ﾠbetter	 ﾠthan	 ﾠplacebo	 ﾠat	 ﾠinducing	 ﾠremission	 ﾠand	 ﾠconsiderably	 ﾠless	 ﾠ
effective	 ﾠthan	 ﾠa	 ﾠdiet	 ﾠcontaining	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠn-ﾭ‐6	 ﾠPUFA	 ﾠ(Gassull	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠThis	 ﾠ
conflicted	 ﾠ with	 ﾠ the	 ﾠ group’s	 ﾠ previous	 ﾠ findings	 ﾠ where	 ﾠ high	 ﾠ MUFA	 ﾠ levels	 ﾠ feeds	 ﾠ
resulted	 ﾠin	 ﾠ80%	 ﾠremission	 ﾠin	 ﾠactive	 ﾠCrohn’s	 ﾠdisease	 ﾠ(Gonzalez-ﾭ‐Huix	 ﾠet	 ﾠal.,	 ﾠ1993)	 ﾠ
and	 ﾠ the	 ﾠ study	 ﾠ by	 ﾠ Middleton	 ﾠ and	 ﾠ colleagues	 ﾠ using	 ﾠ high	 ﾠ MUFA	 ﾠ level	 ﾠ diets	 ﾠ had	 ﾠ
remission	 ﾠ rates	 ﾠ of	 ﾠ 50-ﾭ‐90%	 ﾠ concluded	 ﾠ that	 ﾠ remission	 ﾠ rate	 ﾠ was	 ﾠ inversely	 ﾠ
proportional	 ﾠto	 ﾠlevels	 ﾠof	 ﾠLCT	 ﾠ(Middleton	 ﾠet	 ﾠal.,	 ﾠ1995).	 ﾠIn	 ﾠGassull’s	 ﾠstudy	 ﾠthe	 ﾠlevels	 ﾠ
of	 ﾠLCT	 ﾠwere	 ﾠthe	 ﾠsame	 ﾠin	 ﾠboth	 ﾠfeeds,	 ﾠleading	 ﾠto	 ﾠtheir	 ﾠconclusion	 ﾠthese	 ﾠwere	 ﾠnot	 ﾠthe	 ﾠ
effector	 ﾠ either.	 ﾠ The	 ﾠ explanation	 ﾠ for	 ﾠ these	 ﾠ findings	 ﾠ remains	 ﾠ elusive.	 ﾠ Cell	 ﾠ culture	 ﾠ	 ﾠ 102	 ﾠ
studies	 ﾠ of	 ﾠ lymphocytes	 ﾠ have	 ﾠ shown	 ﾠ that	 ﾠ the	 ﾠ immunomodulatory	 ﾠ effects	 ﾠ of	 ﾠ fat	 ﾠ
varies	 ﾠwhen	 ﾠthe	 ﾠcells	 ﾠare	 ﾠcultured	 ﾠin	 ﾠisolated	 ﾠfatty	 ﾠacids	 ﾠor	 ﾠwith	 ﾠmixtures	 ﾠof	 ﾠfatty	 ﾠ
acids	 ﾠ (Karsten	 ﾠ et	 ﾠ al.,	 ﾠ 1994).	 ﾠ Indeed	 ﾠ both	 ﾠ the	 ﾠ unsaturated	 ﾠ oleic	 ﾠ acid	 ﾠ (n-ﾭ‐9)	 ﾠ and	 ﾠ
linoleic	 ﾠacid	 ﾠ(n-ﾭ‐6)	 ﾠand	 ﾠthe	 ﾠsaturated	 ﾠstearic	 ﾠand	 ﾠpalmitic	 ﾠacids	 ﾠaffected	 ﾠcytokine	 ﾠ
production,	 ﾠwith	 ﾠthe	 ﾠsaturated	 ﾠfats	 ﾠbeing	 ﾠthe	 ﾠmore	 ﾠpotent	 ﾠeffectors.	 ﾠThe	 ﾠconclusion	 ﾠ
drawn	 ﾠwas	 ﾠthat	 ﾠthe	 ﾠimmunomodulatory	 ﾠeffect	 ﾠis	 ﾠmore	 ﾠdependent	 ﾠon	 ﾠthe	 ﾠfatty	 ﾠacid	 ﾠ
profile	 ﾠrather	 ﾠthan	 ﾠa	 ﾠsingle	 ﾠfatty	 ﾠacid.	 ﾠA	 ﾠstudy	 ﾠlooking	 ﾠat	 ﾠthe	 ﾠinflammatory	 ﾠresponse	 ﾠ
in	 ﾠmice	 ﾠin	 ﾠresponse	 ﾠto	 ﾠbacterial	 ﾠlipolysaccaride	 ﾠafter	 ﾠfive	 ﾠweeks	 ﾠof	 ﾠdiets	 ﾠhigh	 ﾠin	 ﾠ
either	 ﾠcoconut	 ﾠoil	 ﾠ(MCT),	 ﾠolive	 ﾠoil	 ﾠ(n-ﾭ‐9),	 ﾠsafflower	 ﾠoil	 ﾠ(n-ﾭ‐6)	 ﾠor	 ﾠfish	 ﾠoil	 ﾠ(n-ﾭ‐3)	 ﾠfound	 ﾠ
reduced	 ﾠlevels	 ﾠof	 ﾠIL-ﾭ‐6	 ﾠin	 ﾠthe	 ﾠmice	 ﾠfed	 ﾠthe	 ﾠn-ﾭ‐3	 ﾠand	 ﾠMCT	 ﾠdiets,	 ﾠno	 ﾠdifference	 ﾠin	 ﾠthose	 ﾠ
fed	 ﾠn-ﾭ‐9	 ﾠdiet	 ﾠand	 ﾠincreased	 ﾠcytokine	 ﾠproduction	 ﾠin	 ﾠthose	 ﾠfed	 ﾠthe	 ﾠn-ﾭ‐6	 ﾠdiet	 ﾠ(Sadeghi	 ﾠet	 ﾠ
al.,	 ﾠ1999).	 ﾠSo	 ﾠit	 ﾠcould	 ﾠbe	 ﾠconcluded	 ﾠthat	 ﾠn-ﾭ‐3	 ﾠPUFA	 ﾠand	 ﾠMCT	 ﾠare	 ﾠanti-ﾭ‐inflammatory	 ﾠ
and	 ﾠthat	 ﾠn-ﾭ‐6	 ﾠPUFA	 ﾠand	 ﾠsaturated	 ﾠfatty	 ﾠacids	 ﾠare	 ﾠpro-ﾭ‐inflammatory.	 ﾠAdipose	 ﾠtissue	 ﾠ
culture	 ﾠ in	 ﾠ E028	 ﾠ resulted	 ﾠ in	 ﾠ considerably	 ﾠ less	 ﾠ inflammation	 ﾠ than	 ﾠ culture	 ﾠ in	 ﾠ
Emsogen.	 ﾠWhether	 ﾠthe	 ﾠreason	 ﾠfor	 ﾠthis	 ﾠis	 ﾠthe	 ﾠlower	 ﾠn-ﾭ‐6:n-ﾭ‐3	 ﾠPUFA	 ﾠratio	 ﾠin	 ﾠE028	 ﾠor	 ﾠ
the	 ﾠ greater	 ﾠ pro-ﾭ‐inflammatory	 ﾠ SFA	 ﾠ content	 ﾠ of	 ﾠ Emsogen	 ﾠ is	 ﾠ not	 ﾠ clear.	 ﾠ However	 ﾠ
whichever	 ﾠof	 ﾠthese	 ﾠpotential	 ﾠeffects	 ﾠpredominates,	 ﾠboth	 ﾠof	 ﾠthem	 ﾠappear	 ﾠto	 ﾠexert	 ﾠ
greater	 ﾠ effect	 ﾠ than	 ﾠ the	 ﾠ purported	 ﾠ anti-ﾭ‐inflammatory	 ﾠ effect	 ﾠ of	 ﾠ MCT,	 ﾠ which	 ﾠ was	 ﾠ
higher	 ﾠin	 ﾠEmsogen.	 ﾠ
In	 ﾠregard	 ﾠto	 ﾠfat-ﾭ‐wrapping	 ﾠand	 ﾠmesenteric	 ﾠthickening	 ﾠrecent	 ﾠstudies	 ﾠhave	 ﾠraised	 ﾠ
significant	 ﾠnew	 ﾠquestions.	 ﾠThe	 ﾠdisease	 ﾠpathogenesis	 ﾠis	 ﾠstill	 ﾠnot	 ﾠentirely	 ﾠclear	 ﾠeven	 ﾠ
in	 ﾠregard	 ﾠto	 ﾠthe	 ﾠinitial	 ﾠevent.	 ﾠIs	 ﾠmucosal	 ﾠinflammation	 ﾠthe	 ﾠinitial	 ﾠstep?	 ﾠOr	 ﾠis	 ﾠthe	 ﾠ
mesenteric	 ﾠ lymphatic	 ﾠ system	 ﾠ the	 ﾠ critical	 ﾠ player	 ﾠ in	 ﾠ the	 ﾠ disease	 ﾠ being	 ﾠ primarily	 ﾠ
inflamed	 ﾠand	 ﾠcausing	 ﾠretrograde	 ﾠinflammation	 ﾠin	 ﾠthe	 ﾠbowel?	 ﾠA	 ﾠrecent	 ﾠreview	 ﾠ(von	 ﾠ
der	 ﾠWeid	 ﾠet	 ﾠal.,	 ﾠ2011)	 ﾠhas	 ﾠhighlighted	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠthe	 ﾠhistological	 ﾠfindings	 ﾠin	 ﾠ
Crohn’s	 ﾠdisease	 ﾠof	 ﾠextensive	 ﾠsubmucosal	 ﾠoedema,	 ﾠdilated	 ﾠlacteals	 ﾠand	 ﾠlymphocytic	 ﾠ
thrombi	 ﾠsuggesting	 ﾠpoor	 ﾠlymphatic	 ﾠdrainage	 ﾠsecondary	 ﾠto	 ﾠlymphatic	 ﾠobstruction	 ﾠ
or	 ﾠimpaired	 ﾠcontractile	 ﾠfunction	 ﾠof	 ﾠthe	 ﾠmesenteric	 ﾠlymphatic	 ﾠvessels.	 ﾠ	 ﾠThey	 ﾠpoint	 ﾠ
out	 ﾠthat	 ﾠlimited	 ﾠattention	 ﾠhas	 ﾠbeen	 ﾠpaid	 ﾠto	 ﾠthis	 ﾠarea	 ﾠin	 ﾠthe	 ﾠquest	 ﾠto	 ﾠunderstand	 ﾠ
Crohn’s	 ﾠdisease.	 ﾠIn	 ﾠaddition	 ﾠShelley-ﾭ‐Fraser	 ﾠhas	 ﾠhighlighted	 ﾠthe	 ﾠconnective	 ﾠtissue	 ﾠ
changes	 ﾠof	 ﾠfibrosis	 ﾠand	 ﾠmuscularisation	 ﾠwhich	 ﾠare	 ﾠalso	 ﾠcharacteristic	 ﾠof	 ﾠCrohn’s	 ﾠ
and	 ﾠhave	 ﾠreceived	 ﾠlimited	 ﾠattention	 ﾠfrom,	 ﾠclinicians,	 ﾠdiagnostic	 ﾠpathologists	 ﾠand	 ﾠ
researchers	 ﾠalike	 ﾠ(Shelley-ﾭ‐Fraser	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠIn	 ﾠobesity	 ﾠvisceral	 ﾠadipose	 ﾠtissue	 ﾠ
releases	 ﾠ proinflammatory	 ﾠ mediators	 ﾠ and	 ﾠ is	 ﾠ infiltrated	 ﾠ by	 ﾠ macrophages	 ﾠ and	 ﾠ	 ﾠ 103	 ﾠ
modern	 ﾠ theories	 ﾠ define	 ﾠ obesity	 ﾠ as	 ﾠ a	 ﾠ state	 ﾠ of	 ﾠ chronic	 ﾠ inflammation	 ﾠ (Siegmund,	 ﾠ
2012).	 ﾠ	 ﾠIt	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠshown	 ﾠthat	 ﾠin	 ﾠpatients	 ﾠwith	 ﾠCrohn’s	 ﾠdisease	 ﾠmesenteric	 ﾠ
adipose	 ﾠtissue	 ﾠdistant	 ﾠfrom	 ﾠthe	 ﾠarea	 ﾠof	 ﾠinflammation	 ﾠshows	 ﾠsimilar	 ﾠfeatures	 ﾠto	 ﾠ
those	 ﾠseen	 ﾠin	 ﾠobesity	 ﾠ(Zulian	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠSiegmund	 ﾠgoes	 ﾠon	 ﾠto	 ﾠpoint	 ﾠout	 ﾠthat	 ﾠ
Zulian	 ﾠet	 ﾠal	 ﾠhave	 ﾠshown	 ﾠthe	 ﾠCRP	 ﾠproduction	 ﾠtriggered	 ﾠby	 ﾠlocal	 ﾠinflammation	 ﾠand	 ﾠ
bacterial	 ﾠtranslocation	 ﾠis	 ﾠthe	 ﾠmechanism	 ﾠby	 ﾠwhich	 ﾠmesenteric	 ﾠfat	 ﾠcontributes	 ﾠto	 ﾠ
maintaining	 ﾠthe	 ﾠinflammatory	 ﾠresponse	 ﾠin	 ﾠCrohn’s	 ﾠdisease	 ﾠ(Zulian	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ
Their	 ﾠ suggestion	 ﾠ is	 ﾠ that	 ﾠ Crohn’s	 ﾠ disease	 ﾠ is	 ﾠ characterised	 ﾠ by	 ﾠ transmural	 ﾠ
inflammation	 ﾠfollowed	 ﾠby	 ﾠbacterial	 ﾠtranslocation.	 ﾠThe	 ﾠmesenteric	 ﾠpreadipocytes	 ﾠ
phagocytose	 ﾠ the	 ﾠ bacteria	 ﾠ and	 ﾠ stimulate	 ﾠ a	 ﾠ further	 ﾠ local	 ﾠ inflammatory	 ﾠ response	 ﾠ
within	 ﾠthe	 ﾠmesenteric	 ﾠfat,	 ﾠresulting	 ﾠin	 ﾠhyperplasia	 ﾠand	 ﾠsmaller	 ﾠadipocytes	 ﾠ(Peyrin-ﾭ‐
Biroulet	 ﾠet	 ﾠal.,	 ﾠ2007)	 ﾠand	 ﾠa	 ﾠprotective	 ﾠrole	 ﾠfor	 ﾠthe	 ﾠtissue.	 ﾠMesenteric	 ﾠadipose	 ﾠtissue	 ﾠ
in	 ﾠCrohn’s	 ﾠdisease	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠhave	 ﾠsignificantly	 ﾠfewer	 ﾠapoptotic	 ﾠcells	 ﾠ
than	 ﾠcontrols	 ﾠ(Dias	 ﾠet	 ﾠal.,	 ﾠ2014)	 ﾠand	 ﾠtheir	 ﾠinference	 ﾠis	 ﾠthat	 ﾠthis	 ﾠis	 ﾠto	 ﾠenable	 ﾠthe	 ﾠ
maintenance	 ﾠof	 ﾠthe	 ﾠinflammatory	 ﾠresponse.	 ﾠRecent	 ﾠstudies	 ﾠin	 ﾠmice	 ﾠhave	 ﾠshown	 ﾠ
that	 ﾠ mesenteric	 ﾠ adipocyte	 ﾠ inflammation	 ﾠ is	 ﾠ necessary	 ﾠ for	 ﾠ tissue	 ﾠ expansion	 ﾠ and	 ﾠ
remodelling	 ﾠ but	 ﾠ also	 ﾠ to	 ﾠ maintain	 ﾠ intestinal	 ﾠ barrier	 ﾠ function	 ﾠ (Asterholm	 ﾠ et	 ﾠ al.,	 ﾠ
2014).	 ﾠ This	 ﾠ study	 ﾠ has	 ﾠ not	 ﾠ shed	 ﾠ any	 ﾠ light	 ﾠ on	 ﾠ the	 ﾠ causes	 ﾠ of	 ﾠ fat-ﾭ‐wrapping	 ﾠ or	 ﾠ
mesenteric	 ﾠ thickening	 ﾠ in	 ﾠ Crohn’s	 ﾠ disease.	 ﾠ It	 ﾠ has	 ﾠ successfully	 ﾠ shown	 ﾠ that	 ﾠ an	 ﾠ
elemental	 ﾠ feed	 ﾠ with	 ﾠ a	 ﾠ lower	 ﾠ ratio	 ﾠ of	 ﾠ n-ﾭ‐6	 ﾠ to	 ﾠ n-ﾭ‐3	 ﾠ fatty	 ﾠ acids	 ﾠ appears	 ﾠ to	 ﾠ reduce	 ﾠ
inflammation	 ﾠ of	 ﾠ mesenteric	 ﾠ adipose	 ﾠ tissue	 ﾠ in	 ﾠ vitro.	 ﾠ Given	 ﾠ the	 ﾠ recent	 ﾠ findings	 ﾠ
discussed	 ﾠabove	 ﾠwhat	 ﾠremains	 ﾠunclear	 ﾠis	 ﾠwhether	 ﾠthis	 ﾠwould	 ﾠbe	 ﾠa	 ﾠdesirable	 ﾠeffect	 ﾠ
in	 ﾠ vivo.	 ﾠ Indeed	 ﾠ it	 ﾠ may	 ﾠ explain	 ﾠ why	 ﾠ n-ﾭ‐6	 ﾠ fatty	 ﾠ acids	 ﾠ seemed	 ﾠ to	 ﾠ be	 ﾠ protective	 ﾠ in	 ﾠ
Gassull’s	 ﾠ	 ﾠstudy	 ﾠof	 ﾠ2002.	 ﾠ
5.4  Limitations	 ﾠof	 ﾠthe	 ﾠstudy	 ﾠ
This	 ﾠstudy	 ﾠhad	 ﾠlimitations.	 ﾠ	 ﾠFinding	 ﾠa	 ﾠcontrol	 ﾠgroup	 ﾠto	 ﾠbalance	 ﾠa	 ﾠcohort	 ﾠof	 ﾠpatients	 ﾠ
undergoing	 ﾠ bowel	 ﾠ resection	 ﾠ is	 ﾠ difficult.	 ﾠ In	 ﾠ this	 ﾠ study	 ﾠ we	 ﾠ used	 ﾠ patients	 ﾠ with	 ﾠ
ulcerative	 ﾠcolitis	 ﾠdue	 ﾠto	 ﾠtheir	 ﾠready	 ﾠavailability	 ﾠand	 ﾠsimilar	 ﾠage	 ﾠand	 ﾠbody	 ﾠhabitus.	 ﾠ
These	 ﾠare	 ﾠhowever	 ﾠtwo	 ﾠchronic	 ﾠinflammatory	 ﾠbowel	 ﾠdiseases	 ﾠwith	 ﾠconsiderable	 ﾠ
overlap	 ﾠand	 ﾠthis	 ﾠmay	 ﾠexplain	 ﾠwhy	 ﾠno	 ﾠsignificant	 ﾠdifferences	 ﾠwere	 ﾠseen	 ﾠbetween	 ﾠthe	 ﾠ
two	 ﾠdisease	 ﾠcohorts.	 ﾠSimilarly	 ﾠit	 ﾠwas	 ﾠalso	 ﾠimpractical	 ﾠin	 ﾠmost	 ﾠcases	 ﾠto	 ﾠcollect	 ﾠthe	 ﾠ
Crohn’s	 ﾠ Disease	 ﾠ Activity	 ﾠ Index	 ﾠ scores	 ﾠ prior	 ﾠ to	 ﾠ surgery	 ﾠ and	 ﾠ to	 ﾠ determine	 ﾠ the	 ﾠ
patient’s	 ﾠ diet	 ﾠ in	 ﾠ the	 ﾠ lead	 ﾠ up	 ﾠ to	 ﾠ surgery.	 ﾠ In	 ﾠ particular	 ﾠ it	 ﾠ would	 ﾠ have	 ﾠ been	 ﾠ most	 ﾠ
interesting	 ﾠto	 ﾠestablish	 ﾠthe	 ﾠlipid	 ﾠcontent	 ﾠto	 ﾠexamine	 ﾠif	 ﾠthis	 ﾠwas	 ﾠassociated	 ﾠwith	 ﾠour	 ﾠ	 ﾠ 104	 ﾠ
findings	 ﾠ or	 ﾠ shown	 ﾠ to	 ﾠ have	 ﾠ an	 ﾠ effect.	 ﾠ Unfortunately	 ﾠ for	 ﾠ the	 ﾠ study,	 ﾠ none	 ﾠ of	 ﾠ the	 ﾠ
patient	 ﾠcohort	 ﾠwere	 ﾠon	 ﾠelemental	 ﾠdiet	 ﾠprior	 ﾠto	 ﾠsurgery,	 ﾠwhich	 ﾠwould	 ﾠhave	 ﾠbeen	 ﾠ
interesting	 ﾠto	 ﾠexplore.	 ﾠIt	 ﾠwas	 ﾠnot	 ﾠpossible	 ﾠto	 ﾠcollect	 ﾠdetailed	 ﾠdietary	 ﾠinformation	 ﾠ
from	 ﾠ patients	 ﾠ prior	 ﾠ to	 ﾠ their	 ﾠ donation	 ﾠ of	 ﾠ adipose	 ﾠ tissue.	 ﾠ It	 ﾠ would	 ﾠ have	 ﾠ been	 ﾠ
interesting	 ﾠto	 ﾠsee	 ﾠhow	 ﾠthis	 ﾠcorrelated	 ﾠwith	 ﾠthe	 ﾠfindings	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠfatty	 ﾠacid	 ﾠ
composition	 ﾠ of	 ﾠ their	 ﾠ adipose	 ﾠ tissue.	 ﾠ Pre-ﾭ‐operative	 ﾠ medication	 ﾠ information	 ﾠ was	 ﾠ
incomplete	 ﾠand	 ﾠwas	 ﾠinsufficient	 ﾠto	 ﾠmeasure	 ﾠany	 ﾠeffect.	 ﾠThe	 ﾠischaemic	 ﾠtime	 ﾠfrom	 ﾠ
ligation	 ﾠof	 ﾠthe	 ﾠileocolic	 ﾠartery	 ﾠto	 ﾠspecimen	 ﾠcollection	 ﾠwas	 ﾠalso	 ﾠnot	 ﾠmeasured.	 ﾠAll	 ﾠ
these	 ﾠfactors	 ﾠmay	 ﾠhave	 ﾠexerted	 ﾠan	 ﾠeffect	 ﾠand	 ﾠmay	 ﾠexplain	 ﾠthe	 ﾠwide	 ﾠvariance	 ﾠin	 ﾠthe	 ﾠ
results.	 ﾠ
	 ﾠFurthermore	 ﾠwe	 ﾠhad	 ﾠto	 ﾠmake	 ﾠan	 ﾠassumption	 ﾠin	 ﾠinterpreting	 ﾠthis	 ﾠstudy	 ﾠthat	 ﾠfatty	 ﾠ
acids	 ﾠcontained	 ﾠwithin	 ﾠelemental	 ﾠfeeds	 ﾠdo	 ﾠindeed	 ﾠreach	 ﾠthe	 ﾠterminal	 ﾠileum	 ﾠto	 ﾠexert	 ﾠ
an	 ﾠ immuno-ﾭ‐modulatory	 ﾠ effect.	 ﾠ In	 ﾠ what	 ﾠ concentration	 ﾠ this	 ﾠ occurs	 ﾠ if	 ﾠ at	 ﾠ all	 ﾠ is	 ﾠ
unknown.	 ﾠ Our	 ﾠ initial	 ﾠ dilution	 ﾠ study	 ﾠ may	 ﾠ have	 ﾠ no	 ﾠ similarity	 ﾠ to	 ﾠ the	 ﾠ true	 ﾠ
concentration	 ﾠ of	 ﾠ elemental	 ﾠ feed	 ﾠ in	 ﾠ vivo.	 ﾠ The	 ﾠ adipose	 ﾠ tissue	 ﾠ in	 ﾠ this	 ﾠ study	 ﾠ was	 ﾠ
cultured	 ﾠdirectly	 ﾠwithin	 ﾠelemental	 ﾠfeed	 ﾠand	 ﾠCellGro®.	 ﾠThis	 ﾠdoes	 ﾠnot	 ﾠequate	 ﾠwell	 ﾠto	 ﾠ
the	 ﾠphysiological	 ﾠsituation	 ﾠin	 ﾠvivo	 ﾠwhere	 ﾠelemental	 ﾠfeed	 ﾠwould	 ﾠbe	 ﾠabsorbed	 ﾠinto	 ﾠ
the	 ﾠportal	 ﾠblood	 ﾠstream	 ﾠor	 ﾠlymphatic	 ﾠsystem	 ﾠand	 ﾠso	 ﾠwhether	 ﾠthe	 ﾠfat	 ﾠcontent	 ﾠof	 ﾠ
elemental	 ﾠfeed	 ﾠeven	 ﾠaffects	 ﾠmesenteric	 ﾠfat	 ﾠis	 ﾠstill	 ﾠnot	 ﾠcertain.	 ﾠA	 ﾠfurther	 ﾠlimitation	 ﾠof	 ﾠ
the	 ﾠstudy	 ﾠwas	 ﾠthat	 ﾠthe	 ﾠelemental	 ﾠfeeds	 ﾠwere	 ﾠnot	 ﾠperfectly	 ﾠmatched	 ﾠto	 ﾠidentify	 ﾠthe	 ﾠ
true	 ﾠeffector	 ﾠdifferentiating	 ﾠthe	 ﾠfeeds.	 ﾠThey	 ﾠwere	 ﾠnearly	 ﾠidentical	 ﾠexcept	 ﾠfor	 ﾠthe	 ﾠ
lipid	 ﾠcontent	 ﾠbut	 ﾠit	 ﾠis	 ﾠnot	 ﾠclear	 ﾠwhether	 ﾠSFA	 ﾠconcentration	 ﾠor	 ﾠthe	 ﾠlower	 ﾠn-ﾭ‐6:n-ﾭ‐3	 ﾠ
ratio	 ﾠcaused	 ﾠthe	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠinflammatory	 ﾠresponse.	 ﾠ
5.5  Clinical	 ﾠimplications	 ﾠand	 ﾠfuture	 ﾠdirections	 ﾠof	 ﾠresearch	 ﾠ
The	 ﾠ objective	 ﾠ of	 ﾠ this	 ﾠ study	 ﾠ was	 ﾠ to	 ﾠ evaluate	 ﾠ the	 ﾠ effects	 ﾠ of	 ﾠ different	 ﾠ types	 ﾠ of	 ﾠ fat	 ﾠ
within	 ﾠelemental	 ﾠfeed	 ﾠon	 ﾠthe	 ﾠinflammatory	 ﾠresponse	 ﾠof	 ﾠhuman	 ﾠadipose	 ﾠtissue	 ﾠof	 ﾠ
patients	 ﾠ with	 ﾠ Crohn’s	 ﾠ disease	 ﾠ in	 ﾠ vivo.	 ﾠ Many	 ﾠ of	 ﾠ the	 ﾠ studies	 ﾠ within	 ﾠ the	 ﾠ scientific	 ﾠ
literature	 ﾠare	 ﾠconflicting	 ﾠand	 ﾠthis	 ﾠstudy	 ﾠclarifies	 ﾠthat	 ﾠthe	 ﾠfat	 ﾠcontent	 ﾠis	 ﾠnot	 ﾠonly	 ﾠ
important	 ﾠ but	 ﾠ exerts	 ﾠ a	 ﾠ significant	 ﾠ physiological	 ﾠ effect	 ﾠ in	 ﾠ vitro.	 ﾠ This	 ﾠ study	 ﾠ also	 ﾠ
suggests	 ﾠthat	 ﾠa	 ﾠfeed	 ﾠthat	 ﾠis	 ﾠhigh	 ﾠin	 ﾠn-ﾭ‐3	 ﾠPUFA	 ﾠand	 ﾠlow	 ﾠin	 ﾠSFA	 ﾠmight	 ﾠprove	 ﾠthe	 ﾠmost	 ﾠ
effective	 ﾠ elemental	 ﾠ feed	 ﾠ for	 ﾠ reducing	 ﾠ mesenteric	 ﾠ inflammation	 ﾠ in	 ﾠ patients	 ﾠ with	 ﾠ
active	 ﾠflares	 ﾠof	 ﾠCrohn’s	 ﾠdisease.	 ﾠ	 ﾠ 105	 ﾠ
Further	 ﾠresearch	 ﾠshould	 ﾠinvolve	 ﾠwork	 ﾠon	 ﾠthe	 ﾠcharacterisation	 ﾠof	 ﾠthe	 ﾠfat-ﾭ‐wrapped	 ﾠ
adipose	 ﾠtissue	 ﾠcollected	 ﾠduring	 ﾠthis	 ﾠstudy,	 ﾠin	 ﾠparticular	 ﾠthe	 ﾠhistological	 ﾠanalysis	 ﾠof	 ﾠ
the	 ﾠ specimens,	 ﾠ which	 ﾠ is	 ﾠ weak	 ﾠ in	 ﾠ the	 ﾠ literature.	 ﾠ Further	 ﾠ work	 ﾠ examining	 ﾠ the	 ﾠ
absorption	 ﾠof	 ﾠelemental	 ﾠfeed	 ﾠwould	 ﾠbe	 ﾠuseful	 ﾠto	 ﾠelucidate	 ﾠits	 ﾠmechanism	 ﾠof	 ﾠaction.	 ﾠ
Providing	 ﾠ elemental	 ﾠ feed	 ﾠ to	 ﾠ a	 ﾠ patient	 ﾠ without	 ﾠ inflammatory	 ﾠ bowel	 ﾠ disease	 ﾠ but	 ﾠ
with	 ﾠ a	 ﾠ distal	 ﾠ defunctioning	 ﾠ ileostomy	 ﾠ to	 ﾠ collect	 ﾠ the	 ﾠ effluent	 ﾠ may	 ﾠ assist	 ﾠ this	 ﾠ
understanding.	 ﾠIf	 ﾠelemental	 ﾠfeed	 ﾠis	 ﾠshown	 ﾠto	 ﾠreach	 ﾠand	 ﾠbe	 ﾠabsorbed	 ﾠat	 ﾠthe	 ﾠterminal	 ﾠ
ileum	 ﾠ in	 ﾠ concentrations	 ﾠ similar	 ﾠ to	 ﾠ this	 ﾠ study	 ﾠ then	 ﾠ a	 ﾠ trial	 ﾠ looking	 ﾠ at	 ﾠ rates	 ﾠ of	 ﾠ
remission	 ﾠwith	 ﾠa	 ﾠnew	 ﾠfeed	 ﾠhigh	 ﾠin	 ﾠn-ﾭ‐3	 ﾠPUFA	 ﾠand	 ﾠlow	 ﾠin	 ﾠSFA	 ﾠcould	 ﾠbe	 ﾠundertaken.	 ﾠ	 ﾠ
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APPENDICES	 ﾠ	 ﾠ
Appendix	 ﾠ1	 ﾠ The	 ﾠComposition	 ﾠOf	 ﾠThe	 ﾠFeeds	 ﾠ
	 ﾠ Elemental	 ﾠ028	 ﾠ Emsogen	 ﾠ
Nutrition	 ﾠInformation	 ﾠ Per	 ﾠ100ml	 ﾠ Per	 ﾠ100ml	 ﾠ
Energy	 ﾠKcal	 ﾠ 86	 ﾠ 88	 ﾠ
Protein	 ﾠequivalent	 ﾠg	 ﾠ 2.5	 ﾠ 2.5	 ﾠ
Total	 ﾠamino	 ﾠacids	 ﾠg	 ﾠ 3	 ﾠ 3	 ﾠ
Carbohydrate	 ﾠg	 ﾠ























Ratio	 ﾠn6:n3	 ﾠfatty	 ﾠacids	 ﾠ 3.5:1	 ﾠ 46.5:1	 ﾠ
%	 ﾠenergy	 ﾠfrom	 ﾠlinoleic	 ﾠacid	 ﾠ 3.6	 ﾠ 3.4	 ﾠ
%	 ﾠenergy	 ﾠfrom	 ﾠ	 ﾠα-ﾭ‐linolenic	 ﾠacid	 ﾠ 1	 ﾠ 0.07	 ﾠ
Fibre	 ﾠg	 ﾠ Nil	 ﾠ Nil	 ﾠ
Amino	 ﾠAcid	 ﾠProfile	 ﾠ g	 ﾠper	 ﾠ100ml	 ﾠ g	 ﾠper	 ﾠ100ml	 ﾠ
L-ﾭ‐Alanine	 ﾠ 0.12	 ﾠ 0.1	 ﾠ
L-ﾭ‐Arginine	 ﾠ 0.26	 ﾠ 0.23	 ﾠ
L-ﾭ‐Aspartic	 ﾠAcid	 ﾠ 0.24	 ﾠ 0.2	 ﾠ
L-ﾭ‐Cystine	 ﾠ 0.01	 ﾠ 0.01	 ﾠ
Glycine	 ﾠ 0.2	 ﾠ 0.17	 ﾠ
L-ﾭ‐Histidine	 ﾠ 0.15	 ﾠ 0.13	 ﾠ
L-ﾭ‐Isoleucine	 ﾠ 0.2	 ﾠ 0.17	 ﾠ
L-ﾭ‐Leucine	 ﾠ 0.34	 ﾠ 0.30	 ﾠ
L-ﾭ‐Lysine	 ﾠ 0.26	 ﾠ 0.22	 ﾠ
L-ﾭ‐Methionine	 ﾠ 0.15	 ﾠ 0.1	 ﾠ
L-ﾭ‐Phenylalanine	 ﾠ 0.25	 ﾠ 0.24	 ﾠ
L-ﾭ‐Proline	 ﾠ 0.24	 ﾠ 0.20	 ﾠ
L-ﾭ‐Serine	 ﾠ 0.15	 ﾠ 0.12	 ﾠ
L-ﾭ‐Threonine	 ﾠ 0.17	 ﾠ 0.14	 ﾠ
L-ﾭ‐Tryptophan	 ﾠ 0.07	 ﾠ 0.06	 ﾠ
L-ﾭ‐Tyrosine	 ﾠ 0.04	 ﾠ 0.05	 ﾠ
L-ﾭ‐Valine	 ﾠ 0.21	 ﾠ 0.19	 ﾠ
L-ﾭ‐Carnitine	 ﾠ 0.003	 ﾠ 0.004	 ﾠ
Taurine	 ﾠ 0.006	 ﾠ 0.006	 ﾠ
L-ﾭ‐Glutamine	 ﾠ 	 ﾠ 0.344	 ﾠ
Fatty	 ﾠAcid	 ﾠProfile	 ﾠ g	 ﾠper	 ﾠ100g	 ﾠFatty	 ﾠ
Acids	 ﾠ
g	 ﾠper	 ﾠ100g	 ﾠFatty	 ﾠ
Acids	 ﾠ
C6:0	 ﾠ 0	 ﾠ 1.4	 ﾠ
C8:0	 ﾠ 20.1	 ﾠ 59.2	 ﾠ
C10:0	 ﾠ 14.9	 ﾠ 20.4	 ﾠ
C12:0	 ﾠ 0.1	 ﾠ 1.9	 ﾠ
C14:0	 ﾠ Trace	 ﾠ 0	 ﾠ	 ﾠ 127	 ﾠ
C16:0	 ﾠ 2.6	 ﾠ 2	 ﾠ
C18:0	 ﾠ 1.6	 ﾠ 0.27	 ﾠ
C18:1	 ﾠ(Oleic)	 ﾠn-ﾭ‐9	 ﾠ 46	 ﾠ 3.9	 ﾠ
C18:2	 ﾠ(Linoleic)	 ﾠn-ﾭ‐6	 ﾠ 10.5	 ﾠ 10.7	 ﾠ
C18:3	 ﾠ(α-ﾭ‐linoleic	 ﾠacid)	 ﾠn-ﾭ‐3	 ﾠ 3	 ﾠ 0.23	 ﾠ
C20:0	 ﾠ 1.2	 ﾠ 0	 ﾠ
C22:0	 ﾠ 1.2	 ﾠ 0	 ﾠ
Vitamins	 ﾠ Per	 ﾠ100ml	 ﾠ Per	 ﾠ100ml	 ﾠ
Vitamin	 ﾠA	 ﾠIU	 ﾠ 133	 ﾠ 220	 ﾠ
Vitamin	 ﾠD	 ﾠIU	 ﾠ 19.2	 ﾠ 20	 ﾠ
Vitamin	 ﾠE	 ﾠIU	 ﾠ 2.5	 ﾠ 1.8	 ﾠ
Vitamin	 ﾠC	 ﾠmg	 ﾠ 5.7	 ﾠ 5.7	 ﾠ
Vitamin	 ﾠK	 ﾠμg	 ﾠ 5	 ﾠ 5	 ﾠ
Thiamin	 ﾠmg	 ﾠ 0.12	 ﾠ 0.12	 ﾠ
Riboflavin	 ﾠmg	 ﾠ 0.12	 ﾠ 0.12	 ﾠ
Niacin	 ﾠmg	 ﾠ 0.84	 ﾠ 0.84	 ﾠ
Vitamin	 ﾠB6	 ﾠmg	 ﾠ 0.16	 ﾠ 0.16	 ﾠ
Folic	 ﾠacid	 ﾠμg	 ﾠ 16.7	 ﾠ 16.7	 ﾠ
Vitamin	 ﾠB12	 ﾠμg	 ﾠ 0.4	 ﾠ 0.36	 ﾠ
Biotin	 ﾠμg	 ﾠ 3.6	 ﾠ 3.6	 ﾠ
Pantothenic	 ﾠAcid	 ﾠmg	 ﾠ 0.4	 ﾠ 0.4	 ﾠ
Choline	 ﾠmg	 ﾠ 18.3	 ﾠ 18.3	 ﾠ
Inositol	 ﾠmg	 ﾠ 1.8	 ﾠ 1.8	 ﾠ
Minerals	 ﾠ Per	 ﾠ100ml	 ﾠ Per	 ﾠ100ml	 ﾠ
Sodium	 ﾠmg	 ﾠ 61	 ﾠ 60	 ﾠ
Potassium	 ﾠmg	 ﾠ 93.2	 ﾠ 93.2	 ﾠ
Chloride	 ﾠmg	 ﾠ 66.6	 ﾠ 65.4	 ﾠ
Calcium	 ﾠmg	 ﾠ 45	 ﾠ 49	 ﾠ
Phosphorus	 ﾠmg	 ﾠ 40	 ﾠ 40	 ﾠ
Magnesium	 ﾠmg	 ﾠ 16.3	 ﾠ 16.3	 ﾠ
Trace	 ﾠElements	 ﾠ Per	 ﾠ100ml	 ﾠ Per	 ﾠ100ml	 ﾠ
Iron	 ﾠmg	 ﾠ 0.84	 ﾠ 0.84	 ﾠ
Copper	 ﾠmg	 ﾠ 0.08	 ﾠ 0.08	 ﾠ
Zinc	 ﾠmg	 ﾠ 0.84	 ﾠ 0.84	 ﾠ
Manganese	 ﾠmg	 ﾠ 0.12	 ﾠ 0.12	 ﾠ
Iodine	 ﾠμg	 ﾠ 6.66	 ﾠ 6.7	 ﾠ
Molybdenum	 ﾠμg	 ﾠ 6.66	 ﾠ 6.7	 ﾠ
Selenium	 ﾠμg	 ﾠ 3	 ﾠ 3	 ﾠ
Chromium	 ﾠμg	 ﾠ 3	 ﾠ 3	 ﾠ
Osmolality	 ﾠ 695mOsm/L	 ﾠ 580mOsm/L	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ